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Abstract  
 
Lithium has been used for several decades as a drug for treatment of bipolar diseases. It still 
results to be a mainstay in the treatment of manic-depressive disorders, even though the precise 
molecular mechanisms underlying its therapeutic function are not yet fully elucidated. There is 
evidence that chronic lithium treatment has resulted in kidney disease such as polyuria.  
 
In this research it is shown that polyuria has probably developed as result of lithium induced cell 
cycle arrest. The toxic effect of lithium was tested in A6 cell line which represents tight 
epithelial cell culture from the distal part of the kidney. Tight junctions, present in this type of 
epithelium, seal paracellular spaces in between cells making the epithelium less permeable to 
water and ions, which in turn contributes in adjustment of urine composition. A6 cell line is often 
used as a model system for hormonal regulation of ion and water transport in the distal part of 
the kidney. 
 
The proliferation rate of A6 cells cultured in 24 well microtiter plates, was investigated for 6 
days in control and cells exposed to 1, 10 and 20 mM of lithium. The proliferation rate was also 
investigated after 6 days of exposure, where media was replaced with lithium free media. 
Microscope analyses by ImageJ showed that cells exposed to 10 and 20 mM of lithium were 
strongly inhibited after 24h of exposure, while 1 mM treated cells developed the confluent layer 
the same way as control, after 3-4 days, showing no signs of inhibition. After lithium removal, 
cells exposed to two highest concentrations were able to grow and reestablish cell to cell contact, 
and form the confluent epithelia after 4 days. Measurements showed no sign of cell death. 
 
The experiment was designed the same way, and cell number was measured by Coulter counter. 
Results showed again dose- and time-dependent inhibition in 10 and 20 mM treated cells, the 
reversible effect of lithium was evident in this case too, indicating lithium as an inhibitor of cell 
cycle. Analyses by Coulter counter also carried out in Caco2 cells, a tight epithelial colorectal 
cell line. The results totally agreed with those of experiment in A6 cell. 
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In order to investigate where in cell cycle the A6 cells were stopped, cell cycle analyses with 
flowcytometry by staining DNA content with propidium iodide and DAPI staining of DNA 
content was performed. Flowcytometric analyses showed that10 mM Li induced an accumulation 
of cells in the G0/G1 phase after 48 h and 72 h treatment and 20 mM Li induced an accumulation 
of cells the S phase after 24 h and 48 h treatment. No DNA fragmentation and the absence of 
apoptotic bodies due to Li exposure were also shown by flowcytometry analyses. DAPI staining 
analyses, apart from increase in amount of cells in S phase in 20 mM Li after 24, 48 and 72 h, 
showed also an increase in subpopulation of cells at G2/M phase after 24, 48 and 72 h of 
exposure. 
 
Assessment of GSK-3β was made by western blotting, to show whether it represents a target of 
Li in A6 cells. Li interference with organization of primary cilia was also investigated by 
performing immunofluorescence microscope analysis.  
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Introduction  
The name of lithium comes from the Greek word lithos, “stone”, because it was discovered for 
the first time from a mineral. It was discovered in1817, by the Swedish chemist Johan August 
Arfwedson, during an analysis of the mineral petalite.  Lithium is one of the smallest elements, 
between H and Na in the Periodic Table of elements, and is always ionized (Li
+
) in watery 
solutions. Its therapeutic properties for treatment and prophylaxis of bipolar disorders, brain 
disorders in which normal moods alternate with both depression and mania, have been known 
for several decades now.  
 
Lithium has a long history in the treatment of bipolar disorders, its first prescription for treating 
these kind of disorders  can be traced back to as early as the second century AD. It was at that 
time, that the Greek physician Soranus made the suggestion that: “mania should be treated with 
the alkaline spring waters of Ephesus, which contained very high levels of lithium salts” (Usuda 
et al., 2007). In the scientific literature, the use of lithium as a drug for the treatment of these 
disorders has been reported for the first time by John Cade in 1949 (Gould and Manji, 2005). 
Since then, lithium results to be still a mainstay in the treatment and prophylaxis of manic-
depressive disorders, representing one of the most widely prescribed mood stabilizers.  
 
Recent studies has suggested the possibility that the therapeutic use of lithium can be expanded 
from mood disorders to also include neurodegenerative conditions where lithium may be able to 
retard neuronal dysfunction and death. In vivo studies also indicate that lithium has 
neuroprotective properties (Crespo-Biel et al., 2009), and the mechanisms underlying lithium 
neuroprotection in some cases might involve inositol depletion (Song et al., 2004), whereas in 
other cases inositol depletion does not seem to be responsible for all lithium actions in 
neuroprotection (Shalbudina et al., 2006).  
 
Even though the precise molecular mechanisms underlying its multiple functions are not yet 
fully elucidated (Aubry et al., 2009), in many different studies it is shown that lithium acts by 
targeting various cellular enzymes. Lithium targets inositol monophosphatase, and inositol 
polyphosphate 1- phosphatase, which are very important in phosphatidyl inositol (PI) 
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signalling, providing the inositol required for the synthesis of PI (Phatak et al., 2006). 
Adenylate cyclase (AC) is another enzyme affected by lithium. Reduced levels of cAMP, the 
important intracellular messenger generated by adenylate cyclases, are reported in presence of 
lithium. Mørk and Geisler (1987) have proved that lithium directly inhibits the catalytic subunit 
of adenylate cyclase in rat brain, which is involved in cAMP generation. 
 
One of the most central enzymes targeted by lithium is glycogen synthase kinase (GSK), which 
is a kind of serine-threonine protein kinase.  Both forms of this kinase are affected by lithium. It 
acts by enhancing phosphorylation at Ser21 on GSK-3α and at Ser9 on GSK-3β via activation 
of phosphatidylinositol 3-kinase (PI3-K)/Akt, protein kinase A and protein kinase C (Jope, 
2003). Lithium inhibition of GSK-3ß, discovered first in 1996, has turned out to be a very 
important target for lithium because it plays an essential role in many different signaling 
pathways. It has an important role in Wnt signaling, by being involved in the degradation of b-
catenin, mimicking thereby the effects of Wnt signaling activation (Aghdam and Barger, 2007). 
Its importance stands also in amount of substrates it phosphorylates. So far, more than 50 
substrates of GSK-3 have been discovered, and the number is still growing (Sun et al., 2011). 
 
Since this cation is involved in a number of biochemical systems and tens of enzymatic 
activities and signal transduction systems, with the widespread use of lithium in the treatment of 
affective disorders, many questions have centered on its long-term effects.  
 
The aim of the study 
Lithium was chosen due to its proved toxic effects in many other cell lines, and due to the fact 
that it has been used and is still widely used for the treatment of bipolar disorders. This is a good 
reason for investigating the possible effects of long lasting lithium therapies in the distal part of 
kidney, which plays an important role in urine concentration. 
 
The overall aim of this study is: 
 to investigate the effect of lithium on proliferation and cell cycle progression in a tight 
epithelia cell culture from the distal part of the kidney (A6) and compare it with effects 
in another epithelial cell line, the Caco2 colorectal cell line. 
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 to investigate the effect of lithium in two possible targets in A6 cell line, such as: 
GSK-3ß → by analyzing the level of expression of GSK-3ß in presence of lithium and; 
The formation of primary cilia → by investigating the process of primary cilia                                                                    
formation. 
 
Physical, chemical properties of Li 
+ 
 
Lithium is the first of the alkalis in the periodic table. In nature it’s found like a mixture of the 
isotopes Li6 and Li7 with natural abundances of 7.4 and 92.6% respectively (Stoll et al., 2001). 
It’s the lightest solid metal; it’s soft, silvery-white, with a low melting point and reactive. It 
does not occur "free" in nature, but is found joined (ionized) as various salts in nearly all 
igneous rocks and hydrated in many mineral springs and seawater. Traces of lithium are also 
found in numerous plants, plankton, and invertebrates and vertebrates, with vertebrates 
containing lithium at slightly lower levels ranging. However, it is not known whether lithium 
has a physiological role in any of these organisms. 
 
Li
+ 
(ionic radius 0.60 Å) is the smallest of the alkali cations in group IA of the periodic table. 
The other elements of this group, sodium (Na
+
, 0.95 Å), potassium (K
+
, 1.33 Å), rubidium (Rb
+
, 
1.48 Å), and cesium (Cs
+
, 1.69 Å) have bigger ionic radius compared to Li
+ 
(Cotton and 
Wilkinson, 1975). Being in the same group of the periodic table, group IA, lithium ions and the 
cations of the other alkali, exhibit basic structural similarities. The structural similarity between 
Li
+
 and the other alkali cations allows Li
+
 to mimic Na
+
 and/or K
+
 and to replace Na
+
 in some 
cellular processes (Williams, 1973). In tight epithelial cells, lithium can substitute for sodium 
and be transported by sodium channels. Sarranico and Dawson (1979) have shown the transport 
of lithium through sodium channel in turtle colon.  
 
Despite similarities with the cations of its own group in periodic system, physical and chemical 
properties of lithium ion are found to be considerably different from those of other alkali ions, 
with respect to solubility, formation of complexes and magnitude of the radius of hydration. In 
literature these differences are often addressed to the size of lithium ion, its exceptionally high 
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charge to radius ratio, and  its capability  of  polarization  superior  to  the  other  alkali metal  
ions,  which  leads  to  solvation  and  covalent  bond formation (Lieberman et al., 1986). 
Even though not in all cases, the physical and chemical properties of lithium are found to be 
more similar to those of the alkaline metals than to those of its own group (Cotton and 
Wilkinson, 1975). In some respects there is found a similarity in the action of lithium 
monovalent ions and bivalent ions of calcium and magnesium (Koenig and Jope, 1988). 
Lithium ions are shown to be able to mimic or to be similar with calcium and magnesium ions, 
being similar to calcium ions in respect of charge density, and with magnesium ions in respect 
of the comparability of their ionic radii (Lieberman et al., 1986).  
 
Because of its above mentioned specific characteristics, lithium has turned out to be an element 
of a particular interest in biological applications.  
 
Lithium in organism 
Lithium is not distributed uniformly in the different body compartments. For the same plasma 
Li
+ 
level, red blood cells and muscle maintain different intracellular Li
+
 concentrations. Skeletal 
and smooth muscle have shown to have a higher cell to plasma Li
+
 ratio compared to cell to 
plasma Li
+ 
ratio measured in red blood cells. These differences might be addressed to the 
differences in membrane transport properties of different body compartments; membrane 
transport parameters determine the direction and magnitude of these gradients (Myers et al., 
1980).  
 
How is Li
+
 transported through cell membranes? Which are the mechanisms that make possible 
lithium intracellular transport? 
 
First, it was hypothesized that Na
+
/K
+
 pump, and Na
+
/ Li
+
 countertransport might be the 
transport processes responsible for differences in concentration of Li
+
 in extra and intracellular 
spaces (Myers et al., 1980). Studies with red blood cells showed that pump is unlikely to play a 
role in maintaining low intracellular  Li
+
  in these cells  under  physiological conditions even 
though the pump can  carry Li
+ 
under some  conditions  realizable  only in  the  laboratory. Na
+
/ 
Li
+
 countertransport system of transport, studies in nerve cells showed that internal Li
+
 levels 
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are strongly dependent on the external sodium concentration (Janka et al., 1979), and changes in 
sodium concentrations drive not only the efflux of Li
+
 but also the influx of Li
+
. 
 
The cellular lithium uptake has shown to depend on cell type. Major and important differences 
between red blood cells and neuronal cells are found by Richelson and Johnson (1984).  They 
have found that neuronal cells transport lithium ions by sodium channels which are present in 
electrically active cells but not present in red blood cells. Apical sodium channels are also 
found to be used for lithium uptake in tight epithelial cells (Sarranico and Dawson, 1979). 
 
In case of human erythrocytes, Ehrlich and Diamond (1979) claimed that seventy percent of Li
+
 
influx is via a leak and 30% is via a bicarbonate-sensitive pathway. 
 
The leak is passive diffusion of lithium ion down its electrochemical gradient and the 
magnitude of lithium ion influx depends on the external concentration and the cellular resting 
potential (Ehrlich and Diamond, 1979). 
 
The bicarbonate-sensitive diffusion of lithium ion probably occurs via the anion exchange 
pathway, where lithium cation, complexes with bicarbonate ion by replacing the hydrogen ion 
from bicarbonate to form a singly charged anion pair (Duhm and Becker, 1977). 
 
Lithium handling in kidneys and side effects 
Because lithium is cleared from the body by the kidneys, an insight in lithium handling in 
kidneys and its side effects on kidney functioning would be of interest. 
 
The kidney is the major route for lithium
 
excretion from the body. Lithium is freely filtered by 
the glomeruli, since it does not bind to plasma proteins (Talso & Clarke, 1951) and then 
reabsorbed from the proximal tubule, which reabsorbs approximately 80% of all filtered 
lithium. The proximal nephron does not appear to distinguish between sodium and lithium ions, 
and lithium reabsorption probably occurs through the intercellular junctions of this leaky 
epithelium (Hayslett & Kashgarian, 1979). Micropuncture studies have showed that urinary 
excretion of lithium almost equals the amount reaching the early distal tubule, indicating no 
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further reabsorption of lithium beyond this point. In this region and in the collecting duct there 
is a high density of Na
+
/ K
+
 pumps (Katz,  Doucet & Morel,  1979), and as lithium does  not  
appear to have any affinity for the energy-dependent sodium transport 
mechanism, there  is  no  lithium transport in this region. 
 
Figure 1: Renal tubule (UOL 2013).     
 
Side effects of Lithium 
With the widespread therapeutic use of lithium many questions have arisen on its long-term 
effects on the kidneys. Of relevance for our work would be the outline of some side effects of 
the action of lithium at distal nephron sites where it is known to inhibit water transport, 
hydrogen secretion, and possibly potassium secretion as well (Godinich and Batlle, 1990). One 
of the most common side effects of chronic lithium therapy, at the distal nephron is the 
impairment of renal concentrating ability, which is known as polyuria disease. 
 
The prevalence of polyuria, defined as a 24-hour urine output exceeding 3 L, seems to be really 
high in lithium treated patients, In a survey of a total of 1,105 lithium-treated patients (Wallin et 
al., 1982), was found that at least 602 (or 54%)  of them had a subnormal concentrating ability. 
One possible mechanism of lithium action might be the interference with the action of 
antidiuretic hormone (ADH) on collecting ducts through. Lithium seems too increase the 
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urinary prostaglandin excretion which attenuates the effects of ADH on the kidney (Ter Wee et 
al., 1985). 
 
A6 cells 
The  renal  epithelial  cell  line  A6, established for the first time in  1969 from  the kidney of a  
male  Xenopus  laevis by  Rafferty, expresses  the characteristics  of tight  epithelium,  the same  
as renal  distal  tubules and  collecting ducts, which are parts of so-called distal nephron  
(Perkins  and  Handler,  1981).  
 
The distal nephron includes several segments, such as, distal convoluted tubule, connecting 
tubule, and collecting duct, which are considered as one functional entity. Functions of distal 
part of kidney differ in several ways from those of proximal part of it. These differences are 
mostly because of the presence of tight epithelium on distal kidney, which makes it possible for 
the distal nephron to establish steep gradients for small ions and water, whereas the proximal 
tubule cannot. Tight junctions, present in this type of epithelium, seal paracellular spaces in 
between cells (Verrey et al., 1993), making the epithelium less permeable to water and ions. 
 
The tight epithelium contributes in adjusting the composition of urine and maintaining the body 
homeostasis. It is involved in the processes of the regulation of potassium, sodium, calcium, 
and pH levels in the blood.  It controls the secretion of potassium and absorption of sodium, and 
regulates the reabsorption rate of calcium. The tight epithelium also regulates pH by absorbing 
and secreting bicarbonate and protons in the filtrate. 
 
The presence of tight junctions contributes also in the polarization of epithelial cells in distal 
part of kidney in two different surfaces; the apical surface which faces the lumen of kidney and 
the basal-lateral surface which faces the blood. The polarization of cells of tight epithelium of 
distal part of kidney is associated with differences in composition of their membranes in apical 
and basal-lateral surfaces. Therefore, cells of the distal tubulus have Na
+
 channels, a thiazide-
sensitive Na-Cl cotransporter and are permeable to Ca, via TRPV5 channel on their apical 
surfaces. In the basolateral surface (blood) they have an ATP dependent Na/K antiport pump, a 
secondary active Na/Ca transporter-antiport, and an ATP dependent Ca transporter. The 
Investigating the Effect of Lithium on proliferation and cell cycle progression in tight epithelia cell culture from the 
distal part of the kidney (A6). 
 
15 
 
basolateral ATP dependent Na/K pump produces the gradient for Na to be absorbed from the 
apical surface via the Na/Cl symport and for Ca to be reclaimed into the blood by the Na/Ca 
basolateral antiport. 
 
The transport properties of both surfaces in epithelial cells of distal part of kidney are fine tuned 
by hormones, which control both: water and ion transport in the distal part of the kidney. One 
hormone known to regulate the permeability of the collecting ducts is ADH (antidiuretic 
hormone, Vasopressin). It enables the incorporation of additional water channels (aquaporins) 
into the luminal membrane. In the absence of ADH, the permeability of the collecting ducts for 
water is low, and the urine does not become concentrated, leading to polyuria disease. 
Aldosterone, a mineralocorticoid hormone, is another hormone that has long been known to 
influence renal potassium excretion. It regulates the sodium and water reabsorption and 
potassium secretion via expression of the sodium channels and the basolateral sodium-
potassium pump. 
 
The distal nephron A6 cell line, which owns the morphological and functional properties of 
tight epithelium of distal part of kidney, has served as an epithelial model for hormonal 
regulation of ion and water transport in this part of the kidney in many studies (Verrey et 
al.,1993; Tanaka et al., 2003; Sariban-Sohraby et al., 1988). 
 
Differentation of A6 cell line 
When seeded in tissue flasks of volume 25 cm
2
 (T-25) in lab, A6 cells represent spherical cells, 
which are not specialized and their membrane is non-polarized yet. They settle on the bottom of 
culturing flasks, and then start to proliferate, with a doubling time of 24 h. At confluence state 
the phenomena of contact inhibition leads towards their differentiation.  
 
The differentiation is a multistep process. Rapidly after cell-cell contact is being established 
starts the formation of the apical pole, while the generation of the basolateral pole is a more 
gradual process requiring extensive cell-cell contact. The complete assembly of tight junctions 
seems to take place after the development of cell surface polarity (Herzlinger and Ojakian, 
1984). The expression of amiloride-sensitive epithelial  Na
+ 
channels  and  C1
-
 channels  on  the  
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apical  surface, and Na
+
/K
+
-adenosine  triphosphatase  (ATPase)  mainly  on  the  basolateral  
surface (Verrey et al., 1989), reflects the polarization in the distribution of proteins in these 
cells. 
 
The mature A6 monolayer takes in sodium ions through its apical channels and pumps it out 
through the lateral Na
+
/K
+
- ATPase, in an energy dependent manner, causing water transport in 
the same direction via osmosis. Water accumulates underneath the cell layer forcing the cells 
upward from the bottom of the flask, causing the formation of domes (Tanaka et al., 2003), 
which often are used as an indicator of well functioning cells. The presence of dooms in cell 
growing cultures indicates that differentiation has occurred and trans-epithelial transport takes 
place, and that cells grow and differentiate as expected. 
 
Cell cycle-concept 
Cell cycle is the term given to the series of tightly regulated steps that a cell goes through 
between its creation and its division to form two daughter cells. Despite the variations in some 
details of the cell cycle between organisms; the basic organization is essentially the same in all 
eukaryotes (Alberts et al., 2008). 
 
Cell cycle phases 
The phases of cell reproduction and growth are G1→S→G2→M and cytokines is the generation 
of two daughter cells from one. The duration of the cell cycle varies among different organisms, 
and it is influenced by several factors (temperature, nutrition, age, stage, etc.). 
 
The G1 phase is actually a phase of cell growth when a commitment is made for DNA 
replication. In the S phase (DNA Synthesis) the chromosomes are duplicated. In a rapidly 
proliferating cell culture 30-40 % of the cell population will typically be in the S phase. G2 is 
committed to the preparations of mitosis, a task that follows, if, during interphase, all the 
nutritional requisites for carrying out mitosis build up. The two G phases and S phase combined 
are frequently named interphase the phase between nuclear divisions (mitosis). 
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M-phase (Mitosis) compromises nuclear division, where the copied chromosomes are 
distributed into two daughter nuclei (mitosis) and the division of the cell itself in two daughter 
cells (cytokinesis).  
 
Under unfavorable extracellular conditions, cell delay can happen in G1 stage of cell cycle and 
the cells can even enter a specialized resting state known as Go (Alberts et al., 2008). 
  
Figure 2. Cell cycle phases (Alberts et al., 2008). 
 
Cell cycle checkpoints and factors controlling them 
Cell-cycle checkpoints normally ensure that DNA replication and mitosis occur only when 
conditions are favorable and the process is working correctly, providing a fixed amount of time 
for completion of each cell cycle event. The cell-cycle control system is based on a connected 
series of biochemical binary (on/off) switches, each of which initiates a specific cell-cycle 
event. Cell-cycle events are controlled in such a way, that once the series of events begin they 
are irreversibly terminated. If problems are detected, either inside or outside the cell, the control 
system blocks progression through cell cycle steps by using three regulatory steps or 
checkpoints as shown in figure 3. 
 
The first checkpoint is called Start (or the restriction point) in late G1, where the cell commits to 
cell-cycle entry and chromosome duplication. The second is the G2/M checkpoint, where the 
control system triggers the early mitotic events that lead to chromosome alignment on the 
G0 
Investigating the Effect of Lithium on proliferation and cell cycle progression in tight epithelia cell culture from the 
distal part of the kidney (A6). 
 
18 
 
spindle in metaphase. The third is the metaphase-to-anaphase transition, where the control 
system stimulates sister-chromatid separation, leading to the completion of mitosis and 
cytokinesis. The control system blocks progression through each of these checkpoints if 
problems are detected, increasing this way the accuracy and reliability of cell-cycle progression. 
 
Figure 3. Cell cycle checkpoints (Alberts et al., 2008). 
 
Cell cycle is tightly controlled by operation of key proteins, which are known to constitute the 
so called: cell cycle control system. Central components of the cell-cycle control system are 
members of a family of protein kinases known as cyclin-dependent kinases (Cdks). Cdks, 
depende  on  cyclins  for  their  activity,  they have no protein  kinase activity, unless they  are 
tightly  bound  to  a cyclin. In eucaryotic cells there are three classes of cyclins, defined by the 
stage of the cell cycle at which they function: G1/S-cyclins, S-cyclins, and M-cyclins. A fourth 
class of cyclins, the G1-cyclins, helps govern the activities of the G1/S cyclins, controlling 
progression through Start in late G1, in most cells.  
 
The rise and fall of cyclin levels is the primary determinant of Cdk activity inducing rise and 
fall of their activities as the cell progresses through the cycle, which in turn leads to cyclical 
changes in the phosphorylation of intracellular proteins that initiate or regulate the major events 
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of the cell cycle. In figure 4 is presented a schematic illustration of cyclin concentrations 
fluctuactions during cell cycle (while cdk concentration remain constant). 
 
Figure 4. Fluctuations of cyclin concentrations during cell cycle (Mitchelmore 2012). 
 
If the cell cycle is processed properly it will be signaling to the degradation of the cyclins, 
which have served their purposes (Takahashi-Yanaga and Sasaguri, 2008). 
 
Cell signaling 
This section is relevant in our work, as lithium has shown to interfere with some signaling 
pathways. An overview of cellular signaling processes, their components and the description of 
some signaling pathways that have been shown to get affected by presence of lithium would be 
of interest in our work. 
 
As human organism is composed of many different cell types, interplay between cells is 
necessary to maintain the organism. Interactions between different cells are made possible by 
some signaling processes that allow the cell to initiate processes in other cells. This is done 
either by cell-cell contact, or through the exchange of signaling molecules. 
 
There are three different types of signaling pathways, the endocrine, paracrine and autocrine, 
based on the distance over which the signal acts. In endocrine signaling, hormones serve as 
signaling molecules which act on target cells distant from their site of synthesis.  They are 
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usually carried by the blood from its site of release to its target. In paracrine signaling, the 
signaling molecules released by a cell only affect target cells in close proximity to it. The 
conduction of an electric impulse from one nerve cell to another or from a nerve cell to a 
muscle cell occurs via paracrine signaling. In autocrine signaling, cells respond to substances 
that they themselves release. In this type of signaling the cell produces a signal molecule, which 
binds to one of the cell's own receptors, whereby a response is activated (Cooper & Hausman, 
2007). Many growth factors act in this fashion, and cultured cells often secrete growth factors 
that stimulate their own growth and proliferation. 
 
Despite the type of signaling pathways that different cells use, cell signaling or signal 
transduction usually involves: 
 
 Detection of the stimulus (in most cases a molecule secreted by another cell) on the 
surface of the plasma membrane. 
 Transfer of the signal to the cytoplasmic side. 
 Transmission of the signal to effectors molecules and down a signaling pathway where 
every protein typically changes the conformation of the next down the path, most 
commonly by phosphorylation (by kinases) or dephosphorylation (by phosphatases), 
 The final effect is to trigger a cell’s response, such as the activation of gene 
transcription. 
 
The cellular response to a particular extracellular signaling molecule depends on its binding to a 
specific receptor protein located on the surface of a target cell or in its nucleus or cytosol. 
Usually a receptor protein is characterized by binding specificity for a particular ligand. In 
most receptor-ligand systems, the ligand appears to have no function except to bind to the 
receptor. The ligand is not metabolized to useful products, is not an intermediate in any cellular 
activity, and has no enzymatic properties. The only function of the ligand appears to be the 
change of the properties of the receptor, which then signals to the cell that a specific product is 
present in the environment. Target cells often modify or degrade the ligand, modifying or 
terminating this way their response or the response of neighboring cells to the signal. 
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Wnt signaling 
Wnt signaling is an autocrine paracrine signal transduction pathway. Wnt signaling is a 
fundamental pathway in embryogenesis which is evolutionary conserved from metazoans to 
humans. It regulates many cellular processes, such as, cell morphology, proliferation, migration, 
and polarity; tissue patterning in both vertebrates and invertebrates; misregulation of Wnt 
signaling is also linked to some developmental disorders and too many forms of cancer. The 
importance of the autocrine signaling by Wnt proteins, both as a feedback mechanism during 
normal biological processes and in pathogenesis is reflected in the increased number of 
published articles that focus on this issue (Inestrosa et al., 2012).  
 
This signaling pathway involves a large number of proteins that can regulate the production of 
Wnt signaling molecules, their interactions with receptors on target cells and the physiological 
responses of target cells that result from the exposure of cells to the extracellular Wnt ligands.  
 
Wnt family of signaling molecules are small secreted glycoproteins best known for their role as 
critical regulators of cell fate specifications, cell proliferation, and cell migration during 
development. Wnt signaling is mediated by Wnt ligands binding to the Frizzled (Fzd) family of 
receptors, which is similar to G protein-coupled receptors [GPCRs] and also exists in several 
isoforms, and the co-receptors low density lipoprotein receptor-related protein 5 and 6 (LRP5/6) 
(Baron and  Rawadi, 2007). Considering that the number of Wnt ligands in humans and 
mammals is 19, and the number of Fz receptors is 10, is obvious that Wnts signaling can initiate 
several possible pathways (Clevers and Nusse, 2012). 
 
Depending on the specific nature of the Wnt and of the Fz that are complexed with LRP5/6, has 
been existed for long the traditional system of classification of the Wnt signaling in three 
independent pathways: canonical, non-canonical, or calcium-activated. Even though the 
traditional system results to be not valid any longer, since some ligands can act either in 
canonical or non-canonical pathway depending on the cellular context and the Fz receptor 
present in the receiving cell, the canonical and non-canonical terms are often used only to 
describe different signaling pathways independently of the Wnt ligand or Fz receptor involved 
(Inestrosa et al., 2012). 
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The so-called canonical or Wnt/ß-catenin signaling pathway involves Wnt binding to Fzd and 
LRP5/6 (Willert and Jones, 2006), followed by Fzd binding to the scaffold protein Disheveled. 
Disheveled then binds and destabilizes the β-catenin destruction complex, a group of proteins 
including synthase kinase 3β (GSK3β) and the scaffold proteins axin and adenomatous 
polyposis coli (APC), among others. The constitutively functioning destruction complex binds β 
-catenin and targets it for poly-ubiquitination. Whereas Disheveled is a Wnt pathway activator, 
GSK3β, Axin and APC are all inhibitors. Axin and APC help to stabilize the activity of GSK3β, 
keeping β-catenin levels low and Wnt target gene transcription off in the absence of a Wnt 
signal. 
 
 
Figure 5. The canonical Wnt signaling pathway on the left; non canonical Wnt signaling (planar cell polarity 
pathway) in the middle, and the Wnt/calcium pathway on the right. (Davis and Nieden, 2008). 
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Non-canonical signaling or Wnt/non-β-catenin signaling is not as well characterized 
biochemically as the Wnt/β-catenin-dependent pathway; this may reflect that it is molecularly 
more diverse, at least in vertebrates. One of the best characterized Wnt/non-β-catenin pathway 
is planar cell polarity (PCP) signaling, which mediates mainly cell polarity, cell movements 
during gastrulation. The non-canonical pathway in PCP also requires Fzd as the receptor but, it 
does not require LRP5/6, which typically acts as a co-receptor in canonical signaling, but 
instead a proteoglycan protein called Knypek (Topczewski et al., 2001). Dishevelled is also a 
component of this signaling pathway, which activates Rho/Rac small GTPases (Habas et al., 
2003), but in this signaling pathway are also involved transducers that differ from canonical 
Wnt signaling components such as Prickle, Strabismus, and JNK. 
 
In the third Wnt signaling pathway, Wnt/calcium signaling, the Wnt ligand activated Fz 
receptor forms a trimeric complex with a G-protein. The trimeric complex stimulates calcium 
release and activation of protein kinase C (PKC), Ca–calmodulin-dependent protein kinase II 
(CamKII) and the calcium sensitive protein phosphatase: calcineurin (Goodwin and D´amore, 
2002). PKC and calcineurin directly and indirectly regulate various transcription factors such as 
nuclear factor of activated T cells (NFAT).  
 
GSK3 (ß and α) 
Glycogen synthase kinase 3 (GSK-3) is a serine/threonine kinase, which took its name due to its 
ability to phosphorylate glycogen synthase, which is an extremely important enzyme in the 
synthesis of glycogen from glucose. In mammals, are found two homologous GSK-3 isoforms, 
encoded by different genes, GSK-3α and GSK-3ß, which differ in size. The difference in size 
between the two isoforms of GSK-3 is due to a glycine-rich extension at the N-terminus of 
GSK-3 α.  
 
Even though the two isoforms share 98% sequence similarity within their kinase catalytic 
domains, they are not functionally identical. They have shown to have both: distinct and 
common biological activities. For example, GSK-3 ß mutant mice die during embryonic 
development (Kerkela et al., 2008), whereas GSK-3 α -knockout mice are viable and exhibit 
enhanced insulin sensitivity and hepatic glucose homeostasis accompanied by reduced fat mass 
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(Patel et al., 2008). Furthermore, some overlapping substrates of the two isoforms of GSK-3 do 
exist. Studies in mice have demonstrated that tissues from GSK-3ß deficient mice do not show 
accumulation of ß-catenin and in GSK-3ß deficient mouse cells, GSK-3α was also found 
precipitated with axin (Hoeflich et al., 2000). Indicating that, in regulation of ß-catenin GSK-3α 
and GSK-3ß can substitute each other.  
 
The GSK-3, initially identified as an enzyme that negatively regulated the activity of glycogen 
synthase, it is known now to function as a multi functional kinase (Li et al., 2007). It acts over 
than 50 protein substrates and is implicated in several signaling pathways and involved in a 
wide range of cellular processes including growth and development, oncogenesis, and cell 
death.  
 
In our research we are interested in the GSK-3ß form of GSK, since more and more studies are 
suggesting that inhibition of GSK-3 ß may be a more relevant target for the pathophysiology of 
bipolar diseases and the therapeutic action of lithium (Gould and Manji, 2005). Therefore a 
brief description of GSK-3 ß involvement in some important signaling pathways would be of 
relevance. 
 
As we described in the previous section, GSK3β is involved downstream in canonical or Wnt/ß-
catenin signaling pathway. In this pathway, Axin and APC help to stabilize the activity of 
GSK3β, keeping β-catenin levels low and Wnt target gene transcription off in the absence of a 
Wnt signal. 
 
Apart from being involved in canonical or Wnt/ß-catenin signaling pathway, GSK-3ß, is also 
involved in insulin signaling. Insulin receptor phosphorylates and recruits different substrate 
adaptors such as the IRS family of proteins. Tyrosine phosphorylated IRS then displays binding 
sites for numerous signaling partners. Among them, PI3K has a major role in insulin function, 
mainly via the activation of the Akt/PKB cascade. The activated serine/threonine kinase Akt, 
will then phosphorylate GSK-3ß at specific serine residues, leading to the inactivation of GSK-
3ß kinase activity (Sutherland et al., 1993), and the induction of glycogen synthesis through 
glycogen synthethase (GS). 
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GSK-3ß and its downstream pathways were shown to be tightly linked with another signaling 
pathway which regulates neuroprotection (Leclerc et al., 2001). Of particular relevance to 
neurodegenarative disorders, is the phosphorylation of tau protein which binds to tubulin and 
promotes microtubule assembly and stability in a phosphorylation-dependent manner. In an 
hyperphosphorylation state tau protein exhibits decreased affinity towards microtubules and fail 
to stabilize them (Sanchez et al., 2000) leading to accumulation of tau within the 
somatodendritic compartment of neurons, which cause loss of microtubule function, and 
consequently the cytoskeletal architecture deteriorates, leading to neuritic dystrophy. 
 
Primary cilia 
Ciliation occurs exclusively in cells that have exited the cell cycle and entered the quiescence or 
differentiation. The entrance in a long G1 phase or in G0 phase of the cell cycle by proliferating 
cells is known as the permissive condition for building primary cilia. Even though proliferating 
cells have shown often to rely on the primary cilia for the transduction of development 
signaling pathways, it is widely believed that proliferating cells are unable to ciliate (Quarmby 
and Parker, 2005) underlying the process of cilia formation as a marker for cell differentiation. 
 
The primary cilium is a microtubule-based and non motile organelle, found in all eukaryotic 
cells. The microtubule based cytoskeleton of primary cilium consists of an axoneme, which 
extends from a modified centriolar anchor, termed the basal body. The axoneme, composed of 
nine microtubule doublets arranged in a ring (Sorokin, 1962), is coated with a lipid bilayer. The 
process of primary cilia formation, or ciliogenesis involves the docking of post-Golgi vesicles 
to the distal part of mother centriole and the enxtension of axoneme through intraflagellar 
transport (IFT). IFT is a motility system which makes possible and facilitates at the same time 
the protein movements, since no protein synthesis occurs within the primary cilium. The 
maintenance of the structural integrity and functionality of the cilium needs the transportation 
of these structurally and functionally important proteins to the ciliary compartment.  
 
Despite the early discovery of primary cilia more than a century ago, only in the last few 
decades have been gathered evidence to highlight the role of this organelle in several crucial 
cellular processes, such as, differentiation, development, sensory function and migration. In 
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recent years, cilium has been also linked to various signaling pathways, by an explosion of data. 
The richness of primary ciliary membrane in various channels and receptors, gives more 
support the suggestion that the cilium may serve as the signaling antenna for the cell (Singla 
and Reiter, 2006; May-Simera and Kelley, 2012). 
 
Wnt signaling is one of the signaling pathways shown to be associated with the primary cilia. 
One of the indications that primary cilia might be involved in Wnt signaling, was the 
observation that knockdown of several ciliary-associated genes (Kif3a, Ift88, Ofd1) resulted in 
hyperactive canonical Wnt responses (May-Simera and Kelley, 2012). Another fact which 
indicates the influence of primary cilia on Wnt signaling is the degradation of Dvl protein by 
the ciliary protein Inversin, which causes the switch of canonical Wnt pathway to the PCP 
pathway. Therefore, the ciliary protein, Inversin is considered to be the molecular switch 
between the two Wnt pathways (Simons et al., 2005). 
 
Primary cilia are also a required cellular feature for vertebrate Hedgehog (Hh) signal 
transduction which regulates the activity of Gli-family transcriptional regulators in vertebrates 
(Zhang et al., 2007). In the absence of Hedgehog signaling, Gli transcriptional regulators 
undergo proteasome-dependent limited proteolysis in which they act as transcriptional 
repressors. Hh signaling causes Gli proteins instead to be converted, by an unknown 
mechanism, to transcriptional activators that translocate to the nucleus and activate target genes. 
Ligand binding of Hh to the protein Patched, relieves its repression of Smo protein, followed by 
accumulation of Smo protein along with Gli proteins (Gli2 and Gli3) in the primary cilia (Liu et 
al., 2005). Intraflagellar transport is required for regulating activity of Gli proteins. 
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Method 
Xenopus laevis (A6) epithelial kidney cell culture 
The cells used in this study (A6) were obtained from Roskilde University, Roskilde, Denmark, 
that had purchased them from American Type Culture collection (Rockville, MD, USA) at serial 
passage 67. These cells develop tight epithelium that is used also as a model system for 
hormonal regulation of ion and water transport in the distal part of the kidney. 
 
Growth medium  
The growth media was made from Dulbecco´s modified Eagle´s medium (containing D-glucose, 
LGlutamate, Pyrovate etc) (Gibco, InVitrogen Corporation, Carlsbad, CA, USA) diluted 25%, 
with autoclaved MilliQ water to adjust to X. laevis cells osmolarity. Additionally to the growth 
media was added 2 % penicillin/streptomycin (5000 units/ml Penicillin + 5000 µg/ml 
Streptomycin) (Gibco, InVitrogen Corporation, Carlsbad, CA, USA) and 10 % fetal bovine 
serum (containing growthfactors etc.) (Biochrom AG, Berlin, Germany). 
 
Cultivation of X. laevis A6 kidney epithelial cells 
Falcon T-25 culture flasks (BD bioscience, San Jose, CA) were used to grow X. laevis cells. 
Flasks were filled with 10 ml growth media at 26 °C in humidified atmosphere of 5 % CO2 in air 
in a Flow laboratories CO2 incubator 1500. The cells were held at a concentration of 
approximately 1x10
6 
cells/ml and they had formed a confluent monolayer after 3-4 days. 
Thereafter they differentiated to ion and water transporting epithelia and developed dooms after 
10-14 days.   
 
After confluence had been reached, cells were sub-cultivated weekly in order to avoid 
senescence caused by prolonged high cell density, and to allow also seeding in micro well plates 
for experiments. For sub-cultivation cells were re-suspended by trypsination (see trypsination), 
they were re-suspended in fresh growth media and seeded by distributing the cell-suspension into 
new culture flask. Weekly, usually the fourth day after the sub-cultivation event, the growth 
media was replaced with fresh growth media without disturbing the cell layer using a Pasteur 
pipette. 
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Trypsination 
During trypsination the old growth media was removed with pipette and 2 ml trypsin_EDTA 
0.05 % (InVitrogen Corporation, Carlsbad, CA, USA) was added. The cells were incubated for 2 
minutes at 37 °C. If cells were still attached to the flasks bottoms, the incubation was repeated 
for 2 more minutes (incubation in no case exceeded 10 minutes) to make it possible for the cells 
to detach.  Then 1.7 ml of the trypsin was removed leaving 0.3 ml in the flask, and the flask was 
incubated for another minute at 37 °C.  
 
The flask was lightly tapped to loosen the cells more and to make it possible to asses if the cells 
had detached Microscopic and visual inspection had followed each incubation step. When cells 
were fully detached, 5 ml new growth media was added, inhibiting the proteolytic activity of the 
trypsin.  
 
After trypsinisation, the cell-suspension was distributed and seeded into new culture flasks (1 ml 
cell suspension and 9 ml new growth media in each). 
 
Investigating and quantifying toxicity of lithium chloride on cell growth and death A6 
kidney epithelial cells. Digital microscope images were analysed with ImageJ program 
Different amounts of cells were seeded in 24-well microtiter plates, depending on whether a 
confluent cell layer with non-dividing cells or single cells in the dividing phase was wanted. This 
was done by transferring 1 ml containing cells in suspension at the density 20 µl and 40 µl 
cells/ml cell growth media.  Cells were mixed with growth-media before adding it to the wells, 
and they were plated at two different plates (one plate for each cell concentration). Plated cells 
were incubated for 24 h at 26 °C in humidified atmosphere of 5% CO2 in air in a Flow 
laboratories CO2 incubator 1500. At this point cells seeded in high concentrations (40 µL cell 
suspension/ml growth media) had almost reached 80-90 % confluence after approximately 24 
hours, while cells in low concentration (20 µL cell suspension/ml growth media) had reached 30-
40% confluence after 24 hours. 
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24 hours after seeding, media was changed and cells were exposed toward different 
concentrations of LiCl, respectively 1mM, 10 mM and 20 mM in the plates having density 40 µl 
cells/ml cell growth media and 10 mM and 20 mM in the plates having density 20 µl cells/ml 
cell growth media. Three replicates were used for each exposure mode (control, 1mM, 10 mM 
and 20 mM LiCl for the plates with high density of cells and 10 mM, 20 mM LiCl for the plates 
with low density of cells). After 6 days of exposure, media was replaced with LiCl free media, 
giving the cells the possibility to recover. The experiment lasted approximately 3 weeks, and 
media was changed once more after 13 days of experiment start (which corresponds to recovery 
day 7). 
 
Pictures of the cells in each well were taken every day, using a camera connected to a 
microscope (Leica light microscope at 10xmagnification) and a computer. The toxic effect of 
lithium chloride on growing cells was investigated by estimating the amount of living cells in 
each well by picture analysis, using an image processing and analysis program (ImageJ 1.42q by 
Rasband W. from the National Institute of Mental Health, Bethesda, Maryland, USA).  
 
Pictures were converted to 8-bit black and white pictures and threshold was adjusted to reveal 
either total area covered by living and dead cells in center of each well, or area covered only by 
dead cells. The subtraction of area covered only by dead cells from the total area covered by 
dead and living cells, gave the estimate of area covered by living cells. The numbers obtained 
this way did not represent counts of living or dead cells, but rather the proportion of area covered 
by them.  
 
Analysis of cell cycle progression 
Cell cycle progression was determined by using two different methods. In the first one was used 
flow cytometry, and in the second one was used a commercial equipment named Nucleo Counter 
(NC-3000) to determine the amount of cells in different cell cycle phases. 
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a. Analysis of cell cycle progression by use of flow cytometry 
Cell cycle state was determined by staining cells with Propidium Iodide and then by use of flow 
cytometry, which gives a large amount of data with low variability (a brief description of these 
procedure is found in appendix).  
 
Preparation of cell samples for flow cytometric analysis 
For flow cytometric analysis cells were seeded in T25 culture flasks at a density of 10 x 10
3
cells 
/cm
2
. After 24 h of cultivation cell layers had reached more than 30 % confluence. The growth 
medium was removed from the culture flasks and 10 ml fresh growth medium was added to three 
control culture flasks. 10 ml experimental medium containing LiCl (cells were exposed to two 
different concentrations of LiCl, respectively 10 and 20 mM, three flasks for each exposure 
mode) was added to 6 lithium treated flasks. 
 
After 24 hours and 48 hours of exposure (one sample of 10 mM treatment after 72 h of exposures 
was prepared too), cells were harvested for analysis. Cells were trypsinazed (see trypsinization 
procedure) and suspended in 6ml 1x PBS in the culture flask. The cell-suspension was equally 
distributed into 2 facs tubes using a 10 ml pipette and centrifuged for 5 minutes and 900 rpm 
(corresponding to 200 g) at room temperature.  After centrifugation the supernatant was 
discarded using a 1ml gilson pipette and the cells resuspended in 3ml 1x PBS. The cell-
suspension was centrifuged once more at 900 rpm for 5 minutes. Again the supernatant was 
discarded and the cells resuspended in 3ml 1xPBS. 
 
For flow cytometric analysis approximately 500.000 cells was preferred. To calculate the 
concentration of the cells in the 3ml PBS, the cells were counted in a bürkerturk counting 
chamber. In our case we had less than 500.000 cells in total, so all our cells were transferred to a 
new FACS tube. 1x PBS were added to a total volume of 3ml. The cells were centrifuged at 900 
rpm again, the supernatant was discarded and the cells were resuspended in 200 µl PBS. 2 ml 
ice-cold 70% ethanol was carefully added while whirlmixing. The cells were incubated on ice for 
30 minutes prior to storage in a -20 °C freezer.  
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Staining cells with propidium iodide for flow cytometry analysis- DNA labeling 
 Prior to staining the cells were centrifuged at 1200 rpm (corresponding to 300g) for 5minutes at 
4°C. The supernatant was discarded and the cells were resupended in 2 ml 1x PBS, centrifuged at 
1200 rpm again, and the supernatant discarded. The cells were resuspended in 400 µl 1x PBS, 50 
µl RNAse (1mg/ml) and 50 µl propidium iodide (0.4 mg/ml) were added. The cells were covered 
with tin foil and incubated for 30 minutes at room temperature. 
 
The forward scatter FSC and side scatter SSC of particles were simultaneously measured. All 
data were collected on a computer using FACS research software. 
 
b. Two step cell cycle analysis by use of NC-3000  
This method facilitates detaching, permabilization, disaggregation and homogenous staining of 
the cell population in two simple steps without any trypsination, washing and centrifugation. 
DNA content of the cells is measured by using fluorescent, DNA-selective stain DAPI that 
exhibits emission signals proportional to DNA mass.  
 
Preparation of cell samples for NC-3000 analysis 
For NC-3000 analysis cells were seeded in 24 well microtiter plates at a density of 10 x 10
3
cells 
/well. After 24 h of cultivation the growth medium was removed from the plates and 1 ml fresh 
growth medium was added to control wells, while1 ml experimental medium containing LiCl at 
the concentration 20 mM was added to other wells. 
 
After 24 hours and 48 hours of exposure, cells in suspension were prepared for analysis (one 
sample of 10 mM treatment after 72 h of exposures was prepared too). Prior to analyses, an 
appropriate amount of solution 10 (lysis buffer) containing 10 µg/ml DAPI (e.g. 20 µl of solution 
12 to 980 µl of solution 10) was prepared. Cells from two different treatment modes (control and 
20 mM), were harvested and centrifuged for 5 min at 400 g at room temperature. After being 
washed with PBS, the PBS was removed completely and cells were resuspended in 0,5 ml 
solution 10 suplemented with DAPI. Then they were incubated at 37°C for 5 min, and after 
being resuspended thoroughly by pippeting, 0,5 ml of solution 11 was added. Finally 30 µl 
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sample of each treatment was loaded on two chamber slides and the slide was placed on the tray 
of the NC-3000. The machine was run by selecting the “2-Step Cell Cycle Assay” which 
measures DNA content by using fluorescent DNA-selective stains that exhibit emission signals 
proportional to DNA mass. After the quantification of cellular fluorescence (using a 365 nm 
LED and DAPI), DNA content histograms displayed on PC screen connected with the NC-3000, 
making possible the quantification of the populations of cells in different cell cycle phases. 
 
Investigating and quantifying toxicity of lithium chloride on X. laevis A6 kidney epithelial 
cells by use of a particle counter: Z2 Beckman Coulter. 
Two sets of 24-well microtiter plates with different cell densities were seeded in this experiment. 
The amount of cells seeded first in the first set of 24-well microtiter plates was 40 µl cells/ml 
growth media, because at least a 50% confluent cells layer was needed after 24 hours. While the 
amount of the cells seeded later in the second set of 24-well microtiter plates was less than 20 µl 
cells/ml growth media, in this case were needed single cells after 24 hours. The plates were 
seeded by transferring respectively 1ml containing cells in suspension at the density 40 µl 
cells/ml cell growth media in the first set of 24 well microtiter plates, and cells at the density 15 
µl cells/ml cell growth media in the second set of 24 well microtiter plates.  Cells were mixed 
with growth-media before adding it to the wells, and they were plated at 10 different plates in 
each experiment. In 4 plates the cells were seeded in all the 24 wells, while in 6 remaining plates 
the cells were seeded in half of them, in 12 wells. 
 
Plated cells were incubated for 24 h at 26 °C in humidified atmosphere of 5% CO2 in air in a 
flow laboratories CO2 incubator 1500.  
 
24 hours after seeding, media was changed and cells were exposed toward two different 
concentrations of LiCl, respectively 10 mM and 20 mM, using four replicates for each exposure 
mode. After 6 days of exposure, media was replaced with LiCl free media, giving the cells the 
possibility to get recovered. The experiment lasted approximately 3 weeks, and media was 
changed once more after 13 days of experiment start (which corresponded to recovery day 7). 
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Each day, were counted 4 replicates for each exposure mode (control, 10 mM and 20 mM for 
both experiments) in a Z2 Beckman Coulter, which is a particle counter. The media was poured 
from the wells that were to be counted on each day, and then was added 200 µl of trypsin in each 
of them. During the first days of exposure (from day 0 to day 3), the cells needed from 2 to 10 
minutes to loose and detach from the wells bottoms. After being observed in microscope, and 
being sure that all of the cells detached, 800 µl of ringer solution was added in each well. 
Afterwards, all the samples were well mixed with pipette (to get cells splitted in single cells, 
because the particle counter counted cells as single ones) and then were placed on ice. Then the 
number of cells on each well was counted. 
 
During the third week, especially during the last days of experiment, in the control samples 
became more difficult to get all the cells detached from the wells, they needed more time to 
detach, and in some cases they were transferred to the incubator at 37 °C for 2-10 minutes (no 
longer than 10 min). Therefore the half of plates that were fully seeded were counted during the 
first four days of experiments, avoiding other cells (plated in the second half of the plate) getting 
heat treatment during their exposure days. After counting samples in half of four fully seeded 
plates on the first four days of experiment, the samples were counted by choosing randomly one 
plate for each day. 
 
Before having prepared the samples for measurement, pictures of the cells in each well were 
taken every day, using a camera connected to a microscope (Leica light microscope at 
10xmagnification) and a computer. The toxic effect of lithium chloride on growing cells was 
investigated by counting the cells in each well in cell coulter counter. The numbers obtained this 
way did represent counts of living cells. 
 
Basic principle of counting with Beckam Coulter 
The Beckman Coulter method of counting and sizing is based on the detection and measurement 
of changes in electrical resistance produced by a particle or cell suspended in a conductive liquid 
(diluent) traversing through a small aperture. 
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When particles or cells are suspended in a conductive liquid, they function as discrete insulators, 
and an electrical pulse, suitable for counting and sizing, results from the passage of each particle 
through the aperture. 
 
While the number of pulses indicates particle count, the amplitude of the electrical pulse 
produced depends on the particle's volume. This method permits the selective counting of 
particles and cells within very narrow size-distribution ranges by electronic selection of the 
pulses they generate. 
 
Detection of primary cilia 
Before starting the experiment, 12 mm coverslips for immunofluorescence analysis were treated 
with acid prior to growing cells on them. Coverslips were incubated in 32% HCl for 60 minutes, 
and were frequently mixed prior to being washed 15 times in ddH2O. Subsequently, coverslips 
were washed 15 times in 96% ethanol, and stored in 70% ethanol in a blue cap bottle at 4° C. 
 
A six well plate, in which were placed 4 coverslips/well, was seeded with A6 cells at the density 
20 µL cell suspension/ml growth media. Cells were mixed with growth-media before adding it to 
the wells, and then they were plated at the density 80 µL cell suspension/4 ml growth media in 
each well. 
 
Plated cells were incubated for 24 h at 26 °C in humidified atmosphere of 5% CO2 in air in a 
Flow laboratories CO2 incubator 1500. At this point seeded cells had almost reached 20 % 
confluence after approximately 24 hours. 24 hours after seeding, media was changed and cells 
were exposed to two different concentrations of LiCl, respectively 10 mM and 20 mM (2 wells 
per each exposure mode, and two controls). On day 0, after 24, 48 and 72 h two different 
replicates for each treatment mode were prepared for immunofluorescence analyses according to 
IFM protocol. Prior the preparation for immunofluorescence analyses, pictures were taken each 
day for each exposure mode using a camera connected to a microscope (Leica light microscope 
at 10xmagnification) and a computer. 
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Media was removed in each well, and then cells on coverslips were washed in PBS. PFA was 
added for 15 min, and cells were washed 2 times on PBS (see protocol at appendixes). After 
adding the permeabilisation buffer for 12 min, coverslips were transferred to petridishes with 
waman paper soaked in water, covered with parafilm. 100 µL BSA was added for at least 30 
min, and after removing BSA, cells were incubated in 100 µL primary antibody solution for 
1,5h. 2 different combinations of primary antibodies, mixed in BSA  solution, were used in the 
experiment. The first one was AcTub + EB3 and the second one: Arl13B + P150 (the first one 
was used for the detection of cilia, and the second one for the detection of centrioles). After 
removing the secondary antibodies, cells on coverslips were washed 3 times for 5 min with BSA. 
The removal of BSA was followed by incubation with 100 µL of secondary antibodies for 45 
min. Secondary antibodies are light sensitive so the rest of the experiment was kept out of the 
light. After the removal of secondary antibodies, coverslips were washed one time in BSA for 5 
min. 100 µL of DAPI (1:1000 in PBS) was used for each coverslip, for detection of nucleus and 
after that cells were washed 3 times 5 min in PBS.  
 
The above treated coverslips were placed in objective glasses which were previously cleaned in 
96% alcohol, and where drops of mounting media with antifade were added. Coverslips were 
placed with cell side facing down, light pressure was applied over them with a napkin, and they 
were finally sealed at the edges with nail polish. After being sealed and dried for 20 min they 
were stored at 4 degrees in the dark, till the moment they were observed at immunofluorescence 
microscope (IFM), and pictures were also taken for each treatment. 
 
Western blotting 
The purpose of carrying out western blot experiment was to investigate the effect of LiCl in the 
expression of GSK3- ß.  
 
Cells cultivated for approximately one week in cell incubator were re-suspended and trypsinized.  
After counting them in coulter counter, they were resuspended in new growth media and seeded 
in Petri dishes. Approximately 2 million cells were suspended in 90 ml media. This amount of 
cells was seeded in 9 Petri dishes (10 ml in each) and then all the dishes were cultivated in an 
incubator. After 4 days, when the cells were more than 80 % confluent in all of the dishes, we 
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changed the media and exposed cells in 6 of the dishes in 20 mM LiCl, and used as control the 
three remained dishes. 
 
Each day, starting from day 0, media was removed from the 3 of petri dishes and cells were 
washed in PBS. After being scraped with a cell scraper, the cell lysate of each treatment was 
transferred to an ependorf tube and the ependorf tubes were centrifuged at 10 000 G, 5 minutes at 
4 °C. After removing the supernatants, the pellets collected from day 0, day 1 and day 2 were 
resuspended in 150 µl protease inhibitor buffers, and were sonicated 3 x 5 seconds each on ice. 
Another centrifugation was carried at 4 000 G, for 30 minutes at 4 °C, and then the supernatants 
from cell lysates were divided into 3 tubes, 1 for total protein determination was stored at –20°C, 
and 2 for electrophorese use.  
 
The total protein determination consisted of preparing first the standard curve by using 6 
different concentrations of BSA (prepared as described in appendixes). After that we prepared 
our samples for measurements in spectrophotometer. We took out 100 µl of each of our samples 
to the cuvettes, added 100 µl of reagent A/S and 800 µl of reagent B (see western blotting 
procedure at appendixes). After 15 minutes we measured the absorbance at 750 nm.  
 
The same amount of protein (15,96-2,24μg) in total volume of 16μl was mixed with 4μl loading 
buffer (1250μl 1M Tris-HCl, 1000 μl 25% Glycerol, 200.5mg 325mM Dithiotreitol, 200mg 5.0% 
SDS, 10 μl of 10 % Bromophenol blue and 440 μl Milli Q water) and the samples were heated at 
95
o
C for 5 minutes. The samples and prestained molecular weight marker were loaded on 4-12% 
Precast SDS gel (Expedeon), both the electrophoresis and blotting were performed on PAGEgel 
dual run and blot unit. The electrophoresis was pre-run for 30 minutes at 60V thereafter run at 
100V for 2 hours, the buffer used here was ready made Tris-Tricine SDS Run buffer from 
Expedeon. The PVDF membrane (GE Healthcare) was first pre-soaked for 10 minutes in 96% 
ethanol and afterwards in blotting buffer for 20 minutes. The separated proteins were transferred 
to PVDF membrane in blotting buffer for 60 minutes at 180mA for one gel and 220mA for two 
gels, blotting buffer (6.0 g Tris, 28.8g Glycine, 2.0g SDS, 400ml 96% ethanol add up to 2L with 
Milli Q water). The membrane was washed once for 5 minutes in 1X TBS-T pH 7.6 (5X 6.05g 
Tris, 72.0g Glycine, 5.0g SDS add to 1000 ml with MilliQ water and subsequently blocked in 
Investigating the Effect of Lithium on proliferation and cell cycle progression in tight epithelia cell culture from the 
distal part of the kidney (A6). 
 
37 
 
blocking buffer (5% skimmed powdered milk, 0.1% tween TBS pH 7.6) for 60 minutes. The 
membrane was washed three times for 5 minutes in 1X TBS-T on a rocking table and thereafter 
we cut the membranes and put in a sealed plastic bag with either primary antibody for GSK3-ß 
or GAPDH (which was our control protein) with a 1:1000 dilution in 5% BSA and 0.1% tween 
and put for incubation in a 4
o
C room with rotation overnight.  
 
The following day the membrane was washed three times for 5 minutes in TBS-T on a rocking table, 
thereafter the membranes were incubated in secondary antibodies (pig antirabbit 217 for our target 
protein, as secondary antibody, and pig antirabbit 260 for our control protein), with a 1:2000 
dilution in 5% blocking agent and 1X TBS-T for 60 minutes at room temperature. After that the 
membranes were washed three times for 5 minutes in TBS-T and subsequently developed with 1.8ml 
Super Signal kit (Thermo Scientific) which was distributed evenly on the upper surface of the 
membrane and incubated for 2 minutes and afterwards placed in the exposure cassette. The 
membrane was exposed to time intervals ranging from 30 seconds to 2 minutes. For the 
quantification of bands on the gel vision WorksR LS image acquisition and analysis software UVP 
BiospectrumR was used. 
 
Investigating and quantifying toxicity of lithium chloride on human epithelial cells of colon 
by use of Z2 Beckman Particle Coulter. 
The Caco2 cells, which constitute a continuous line of heterogeneous human epithelial colorectal 
cells, were obtained from Mette Juel Riisager (Roskilde University, Roskilde, Denmark). 
 
Sub-cultivation of Caco2 cells 
Cells were grown in falcon T-75 culture flasks (BD bioscience, San Jose, CA) with 30 ml growth 
media and cultivated at 37 °C in humidified atmosphere of 5 % CO2 in air in a Flow laboratories 
CO2 incubator. After 3-4 days of growth in a T-75 flask cells had differentiated and formed a 
monolayer.  
 
Before sub-cultivating (3-4 days after being seeded), the confluence of cells was checked on 
microscope. For sub-cultivation, after pouring off the old media, cells were washed two to three 
times with 0.085 M Na-citrate. 5 ml of trypsin was slowly added letting it flow down on the 
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opposite side to that in which the cells grow. After that, cells flask was transferred for 5 min at 
37° C, and was checked in microscope if cells were loosen and become white. 10 ml of DMEM 
media was added to the detached cells, and the cells were resuspended 10 times with a pipette. 1 
ml of cell suspension was transferred in a new flask and 29 ml of DMEM media was added in it. 
After 3-4 days of incubation, cells were ready for the next coming sub-cultivation. 
 
Exposure of Caco2 to LiCl 
Half of the wells of eight 24-well microtiter plates were seeded in this experiment. The amount 
of cells seeded in each well was 12 000 cells. The plates were seeded by transferring respectively 
1ml containing cells in suspension at the density 12 000 cells/ml in each well. Cells were mixed 
with growth-media before adding it to the wells, and they were plated at 8 different plates (each 
plate was half seeded).  
 
Plated cells were incubated for 48 h at 37 °C in humidified atmosphere of 5% CO2 in air in a 
flow laboratories CO2 incubator.  
 
48 hours after seeding, media was changed and cells were exposed toward two different 
concentrations of LiCl, respectively 10 mM and 20 mM, using four replicates for each exposure 
mode. After 4 days of exposure, media was replaced with LiCl free media, giving the cells the 
possibility to get recovered. The recovery period lasted 3 days. 
 
Each day, were counted 4 replicates for each exposure mode (control, 10 mM and 20 mM) in a 
Z2 Beckman Coulter, which is a particle counter. The media was poured from the wells that were 
to be counted on each day, and then was added 200 µl of trypsin in each of them. During the first 
days of exposure (from day 0 to day 3), the cells needed from 2 to 10 minutes to loosen and 
detach from the wells bottom. After being observed in microscope, and being sure that all of the 
cells detached, 800 µl of 0.085 M Na-citrate was added in each well. After being well mixed 
with pipette, (having single cells, cause the particle counter counts cells as single ones), the plate 
was placed on ice. Then the number of cells on each well was counted. 
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During the days of recovery period was more difficult to get all the cells detached from the wells, 
they needed more time to detach, and in some cases they were transferred to the incubator at 
37°C for 2-10 minutes.  
 
Before preparing the samples for measurement, pictures of the cells in each well were taken 
every day, using a camera connected to a microscope (Leica light microscope at 10 times 
magnification) and a computer. The toxic effect of lithium chloride on growing cells was 
investigated by counting the cells in each well in coulter counter. The numbers obtained this way 
did represent counts of living cells. 
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Results  
Toxicity of lithium chloride on X. laevis A6 kidney epithelial cells by use of ImageJ 
program 
The amount of living and dead cells was estimated by picture analysis using the image 
processing and analysis program ImageJ.  Pictures were converted to 8-bit black and white 
pictures, and then threshold was adjusted to reveal either living or dead cells or dead cells only. 
The area fraction covered by living and dead cells, or only dead cells, was measured. The 
numbers obtained in each case did not represent counts of cells, but rather the proportion of area 
covered by these cells. 
 
Measurements from first experiment, where cells were seeded in high concentration (40 µL cell 
suspension/ml growth media) and second experiment, where cells were seeded in low 
concentration (20 µL cell suspension/ml growth media), revealed different patterns of the effect 
of Li
+
 on A6 cell growth in each exposure mode. 
 
In the first experiment, the highest concentration of Li
+
 showed the highest inhibition in cell 
proliferation during the exposure period (Figure 6). The decrease in cell proliferation in control 
samples was probably due to the fact that they have reached the confluence state, and the cell to 
cell contact inhibition might have been the cause of this decrease. During the recovery period, 
even though Li
+ 
was removed from the media, the cells exposed to 10 and 20 mM of LiCl 
continued their decrease in cell amount. It was only after 8 days that they started to recover 
somehow. While the 1 mM exposure mode seemed to require less time to get recovered, they 
started to increase in number after the third day of recovery period. This might have happened 
because these cells were exposed to lower concentration of LiCl and needed less time to get 
detoxified and pump out the amount of lithium ions that they absorbed during the exposure, 
compared to the other exposed cells. In control samples, the fall and down pattern in amount of 
living cells during the recovery period followed, as expected, the events of media change.  
 
In the second experiment, despite the fact that the control samples became confluent 72 hours 
after being seeded, during the exposure period we had the same situation as in the first 
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experiment, with Li
+
 showing the same inhibition pattern, the highest concentration having the 
highest level of inhibition (Figure 7). During the recovery period, the amount of proliferating 
cells in exposed samples continued to increase, showing two peaks one by day 4 and one by day 
9, which follow media change events. The possible explanation for the difference during 
recovery period between two different experiments might have been the differences in levels of 
confluences in both of them. In the second experiment, the exposed samples were about 50 % 
confluent at the moment when they were exposed to Li
+
 free media (Figure 10).  
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Figure 6. A6 cells seeded at density 40 µl cells/well in 24 well microtiter plates, grown for 24 hours in culture 
media, were incubated with LiCl as shown in the figure. After 6 days of exposure the cell media was exchanged 
with LiCl free media and the cell recovery was followed for 11 days. Cell proliferation was estimated by calculating 
the area of black living cells in the center of each well of the culture dish. Each point represents the mean ± SE of 3 
different samples. 
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Effect of Li
+ 
in cell proliferation in single cells
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Figure 7. A6 cells seeded at density 20 µl cells/well in 24 well microtiter plates, grown for 24 hours in culture 
media, were incubated with LiCl as shown in the figure. After 6 days of exposure the cell media was exchanged 
with LiCl free media and the cell recovery was followed for 11 days. Cell proliferation was estimated by calculating 
the area of black living cells in the center of each well of the culture dish. Each point represents the mean ± SE of 3 
different samples. 
In both figures 6 and 7, it was obvious the change between different treatments after three days 
of exposure. P values calculated by a paired t-test confirm also the significant statistical 
difference among different treatments in single cells experiment, showing P = 0,005 between 
control and 10 mM samples (% of living cells respectively 34,06 ± 0,8 for control and 29,67 ± 0, 
48 for 10 mM treated cells) and P = 0,01 between control and 20 mM samples (% of living cells 
respectively  34,06 ± 0,8 for control  and 21,12% ± 0,84 for 20 mM treated cells). 
 
While the paired t-test in confluent cells indicated that P values between control and three 
different treatments were respectively: P = 0, 14; P = 0,11; P = 0, 016, (% of living cells 
respectively: 31,77 ± 1,86% for control;  26,9 ± 2,88% for 1 mM;  24,09 ± 1,25% for 10 mM; 
and 16,84 ± 0,15% for 20 mM treated cells) showing no significant statistical difference among 
control and respectively 1 and 10 mM treated samples. 
 
Considering the effects of Li
+
 in cell death during the exposure period, the exposed samples from 
both experiments (Figure 8 and 9) followed approximately the same increase as control ones. 
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After three days of exposure the amount of dead cells in both experiments did not change 
significantly in control and treated samples (% of dead cells respectively: 17,66 ± 0,7 % for 
control; 18,35 ± 0,6% for 1 mM; 16,49 ± 0,95% for 10 mM and 17,29 ± 0,76 % for 20 mM in 
confluent cells experiment and 11,62 ± 0,45% for control; 8,83 ± 0,51% for 10 mM  and 12,23 ± 
2,07% for 20 mM in single cells experiment) indicating that Li
+
 had no clear effect on cell death 
in both experiments. After 6 days of exposure there was the biggest change in different 
treatments compared to control ones in both experiments (% of dead cells respectively: 16,41 ± 
2.12% for control; 18,54 ± 1,61% for 1 mM; 21,38 ± 1,48% for 10 mM and 19,32 ± 1,56% for 20 
mM in confluent cells experiment and 15,92 ± 1,21% for control; 10,47 ± 1,38% for 10 mM and 
8,23 ± 0,4% for 20 mM in single cells experiment). But in the confluent cells experiment this 
change resulted to be statistically not significant (P values indicated by the paired t-test between 
control and 1, 10 and 20 mM treatments were respectively: P = 0,62; P = 0,29; P = 0,12). While 
in the single cells one the change between control and treated samples was statistically 
significant (with P values between control and respectively 10 and 20 mM samples: P = 0,052; P 
= 0,026).  
 
The increase in the amount of dead cells in Li
+
 treated cells became more pronounced during the 
recovery period especially after each media change event, during the first experiment. The 
confluence state is the possible explanation of this increase in cell death, during the recovery 
period. 
 
In the single cells experiment (Figure 9), the exposure period indicated more clearly the fact that 
there was no cell death because of the presence of lithium ions. At the end of the exposure period 
the amount of dead cells in lithium treated cells from this plate was approximately twice as lower 
as amount of dead cells in lithium treated cells from the confluent cell plates. The cell to cell 
contact inhibition and presence of Li
+
 were probably acting by synergism in the case of confluent 
cells. During the recovery period in lithium treated samples from single cell plates, cell death 
was low from day 1 to day 4, it was also lower compared to that of the same days in the 
confluent cells experiment. Later, as the cells went through recovery process and reached their 
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full confluence state in all treated samples in this experiment, two peaks of cell death at day 8 
and 11 in Li
+
  highest concentration were observed. 
Effect of Li
+
 in cell death in confluent cells
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Figure 8. A6 cells seeded at density 40 µl cells/well in 24 well microtiter plates, grown for 24 hours in culture 
media, were incubated with LiCl as shown in the figure. After 6 days of exposure the cell media was exchanged 
with LiCl free media and the cell recovery was followed for 11 days. Cell death was estimated by calculating the 
area of black living cells in the center of each well of the culture dish. Each point represents the mean ± SE of 3 
different samples. 
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Figure 9. A6 cells seeded at density 20 µl cells/well in 24 well microtiter plates, grown for 24 hours in culture 
media, were incubated with LiCl as shown in the figure. After 6 days of exposure the cell media was exchanged 
with LiCl free media and the cell recovery was followed for 11 days. Cell death was estimated by calculating the 
area of black living cells in the center of each well of the culture dish. Each point represents the mean ± SE of 3 
different samples. 
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Figure 10. Pictures of control and 3 different treatments from plates seeded at density 40 µl cells/well. Pictures are 
taken at day 0 and day 6 during exposure period and at day 7, 11 during recovery period, showing changes in cell 
growth during the whole length of experiment. 
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Figure 11. Pictures of control, 10 mM and 20 mM treatments from plates seeded at density 20 µl cells/well. Pictures 
are taken at day 0 and day 6 during exposure period and at day 7, 11 during recovery period, showing changes in 
cell growth during the whole length of experiment. 
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Cell morphology  
Figure 10 indicates that, cells suspended in growth media when transferred in 24 well microtiter 
plates quickly settled at the bottom of the wells and after 24 h the cells divided and formed a 
confluent monolayer. After this point the cells in control and 1 mM samples stopped dividing 
due to contact inhibition and they went through differentiation process. A transepithelial 
transport of salts from the apical to the basolateral side resulted in water transport in the same 
direction, and the water accumulated underneath the cell layer forcing the cells upward from the 
bottom of the flask, causing the formation of small domes after 6 days of exposure, that resulted 
to increase in number and size after 7 and 11 days of recovery. 
 
In 10 and 20 mM treatments, after 6 days of exposure, cells indicated different patterns of 
development, and a higher level of cell death. Even though 10 mM samples were not 100% 
confluent on day 0, after 6 days of exposure they seemed to be confluent and were able to create 
small and fewer dooms compared to control and 1 mM samples, which indicated that exposure to 
lithium ions delayed the development of epithelial monolayer. In 20 mM samples cells became 
fully confluent during the recovery period, and it was only in the last days of this period that they 
showed few signs of doom formation, which indicates that cells, are functioning well. 
 
In less confluent experiment (figure 11), the development of cells indicated also that exposed 
cells (both 10 and 20 mM treated cells) were able to retake their normal functioning and to form 
dooms soon after they were exposed to lithium free media, with 10 mM cells being the first to 
create dooms (recovery day 7). 
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Investigation and quantification of toxicity of lithium chloride on X. laevis A6 kidney 
epithelial cells by use of particle counter: Z2 Beckman Coulter. 
The use of ImageJ program in previous experiment showed no effect of Li
+
 in death of A6 cells. 
Li+ is not inducing cell death in this cell line, instead it appears to be able to inhibit cell division. 
Therefore in order to use another method to investigate the effect of Li
+
 on cell division of this 
cell line it was planned to run two different experiments the same way when ImageJ program 
was used, by seeding 2 different concentrations of cells (40 µL and 15 µL cell suspension/ml 
growth media) in 24 well microtiter plates and then measure each day the number of cells by use 
of the coulter counter. Data gathered from both experiments were expressed in two different 
ways:  as cell number (Figures 12, 15, 16, 18) and as percentage change in cell number during 
exposure period and recovery period (Figures 13, 15, 17 and 19).  
Cell proliferation during Li+ exposure of dividing cells
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Figure 12. A6 cells seeded at density 40 µl cells/well in 24 well microtiter plates, grown for 24 hours in culture 
media, were incubated with LiCl for 6 days. Cell number for control and two other treatments: 10 and 20 mM  LiCl 
are presented for whole exposure period. Each point represents the mean ± SE of 4 different replicates. 
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% change in cell proliferation rate during exposure of dividing cells
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Figure 13. A6 cells seeded at density 40 µl cells/well in 24 well microtiter plates, grown for 24 hours in culture 
media, were incubated with LiCl for 6 days. Changes in percentage in cell number with previous day for control and 
two other treatments: 10 and 20 mM  LiCl are presented during the exposure period. Each bar represents the mean ± 
SE of 4 different replicates. 
 
 
Cell proliferation during Li
+
 exposure of single cells
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Figure 14. A6 cells seeded at density 15 µl cells/well in 24 well microtiter plates, grown for 24 hours in culture 
media, were incubated with LiCl for 6 days. Cell number for control and two other treatments: 10 and 20 mM  LiCl 
are presented for whole exposure period. Each point represents the mean ± SE of 4 different replicates. 
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% change in proliferation rate during exposure of single cells
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Figure 15. A6 cells seeded at density 15 µl cells/well in 24 well microtiter plates, grown for 24 hours in culture 
media, were incubated with LiCl for 6 days. Changes in percentage in cell number with previous day for control and 
two other treatments: 10 and 20 mM  LiCl are presented during the exposure period. Each bar represents the mean ± 
SE of 4 different replicates. 
After 48 h of exposure, figures 12 and 14 show that in both experiments there were significant 
changes in cell number in control cells versus cell number in10 and 20 mM treatments. After 48 
h of exposure, in dividing cells the number was respectively: 29351 ± 811cells for control, 20247 
± 1335 cells for 10 mM and 14204 ± 963 cells for 20 mM, while in single cells the number was: 
8432 ± 1092 cells for control, 5330 ± 366 cells for 10 mM and 3647 ± 481 cells for 20 mM  
(paired t-tests comparing control with 10 and 20 mM treated cells showed P values respectively: 
P = 0,0096 and P = 0,0007 for dividing cells in figure 7; P = 0,03 and P = 0,049 for single cells 
in figure 14). 
 
Regarding changes in percentage in cell proliferation rate, in both experiments shown in figures 
13 and 15, the proliferation rate revealed quite different patterns during exposure period. 
However, in dividing cells significant changes were observed in proliferation rates between 
control and 20 mM treated cells on day 3 in dividing cells (% change in cell number were 
respectively: 85,2 ± 24.3 % in control and  1.9 ± 6.3 % in 20 mM treatments, paired t-test 
indicated: P = 0,003 between control versus 20 mM treatments), while in single cells changes 
between control samples and treated one became significant only after 6 days of treatment (% 
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change in cell number after 6 days of exposure were respectively: 29,9 ± 47,4 % in control, 29,9 
± 30,1 % in 10 mM and -7 ± 12,6% in 20 mM treatments  while paired t-tests showed P values:  
P < 0,025 and P < 0,005 respectively between control versus 10 mM samples; and control versus 
20 mM samples). Despite the changes in both these parameters figures 12, 13, 14 and 15 clearly 
show that the presence of lithium is involved in cell cycle arrest in the cell line. 
 
Analyses of data during the recovery period in both experiments indicated that in both cases the 
removal of Li
+
 from media was associated with a recovery in cell division. As shown from 
pictures in figures 20 and 21, cells started to divide again and adhere close to each other, 
reaching their full confluence earlier in the high density seeded plates of first experiment, and 
few days later in case of low density seeded plates of second experiment. 
 
Regarding recovery of control samples, it was concluded that after they have reached their full 
confluent status, they differentiated into functionally tight epithelia with dome formation (Figure 
15, C7) earlier in the recovery period in dividing cells in first experiment and later in the case of 
single cells and in the second experiment.  
 
Treated samples revealed obviously a different pattern of recovery compared to control ones. 
During three first days of recovery period, their proliferation rate was not high in both 
experiments, even though they had not reached the full confluent state yet. This might have 
happened, either because exposed cells expended some energy in detoxification process during 
first days of recovery, or the signaling pathways controlling cell division were temporarily 
disturbed. After three-four days of recovery, both treatments of LiCl indicated a high increase in 
proliferation rate in both experiments, mostly in highest treatment, which can be explained with 
their lower level of confluence. Being less confluent and having more spaces to settle in (Figures 
16 and 17, 20 mM-7; 20 mM-11), made it possible for them to have a higher proliferation rate.  
 
To conclude with, a very important finding from this experiment is the fact that the removal of 
LiCl made A6 cells to switch from non-dividing state to a dividing state. The formation of 
dooms late in the recovery period indicated that they were able to recover and differentiate into 
functionally tight epithelia. 
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Proliferation of dividing cells during recovery period
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Figure 16. A6 cells seeded at density 40 µl cells/well in 24 well microtiter plates, grown for 24 hours in culture 
media, were incubated with LiCl for 6 days, after that media was replaced with lithium free media. Cell number for 
control and two other treatments: 10 and 20 mM LiCl are presented for whole recovery period. Each point represents 
the mean ± SE of 4 different replicates. 
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Figure 17. A6 cells seeded at density 40 µl cells/well in 24 well microtiter plates, grown for 24 hours in culture 
media, were incubated with LiCl . After 6 days of exposure the cell media was exchanged with LiCl free media and 
the cell recovery was followed for 11 days. Changes in percentage in cell number with previous day for control and 
two other treatments: 10 and 20 mM  LiCl are presented during the whole exposure period. Each bar represents the 
mean ± SE of 4 different replicates. 
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Proliferation of single cells during recovery period
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 Figure 18. A6 cells seeded at density 15 µl cells/well in 24 well microtiter plates, grown for 24 hours in culture 
media, were incubated with LiCl for 6 days, after that media was replaced with lithium free media. Cell number for 
control and two other treatments: 10 and 20 mM LiCl are presented for whole recovery period. Each point represents 
the mean ± SE of 4 different replicates. 
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Figure 19. A6 cells seeded at density 15 µl cells/well in 24 well microtiter plates, grown for 24 hours in culture 
media, were incubated with LiCl . After 6 days of exposure the cell media was exchanged with LiCl free media and 
the cell recovery was followed for 11 days. Changes in percentage in cell number with previous day for control and 
two other treatments: 10 and 20 mM LiCl are presented during the whole exposure period. Each bar represents the 
mean ± SE of 4 different replicates. 
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C6                                                 10 mM-6                                    20 mM-6 
 
 
 
 
 
C7                                                  10 mM-7                                     20 mM-7 
 
 
 
 
 
C11                                                  10 mM-11                                     20 mM-11 
  
 
 
 
 
 
Figure20. Pictures from first set of 24 well microtiter plates measured in coulter counter. Pictures from control, 10 
mM and 20 mM treatments seeded at density 40 µl cells/well taken at day 0 and day 6 during exposure period and at 
day 7, 11 during recovery period are shown in this figure. 
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Figure 21. Pictures from second set of 24 well microtiter plates measured in coulter counter. Pictures from control, 
10 mM and 20 mM treatments seeded at density 15 µl cells/well. Pictures taken at day 0 and day 6 during exposure 
period and at day 7 and 11 during recovery period are shown in this figure. 
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Analysis of cell cycle progression 
a. Analysis of cell cycle progression by use of flow cytometry 
The results from two previous experiments clearly indicated that LiCl does not impact that much 
cell death in our cells but it rather inhibits cell division. In order to investigate further where in 
the cell cycle are the cells stopped, the cell cycle progression was analysed by use of flow 
cytometry and by use of NC-3000 equipment. 
 
With regard to cycle progression, the flow cytometric analysis showed that 24 h after initiation of 
the experiment untreated cells were mainly in the G0/G1 phase (56,22 %) (Figure 22). Fewer of 
the untreated cells were in the S phase (38,22 %) and much less were in the G2/M phase (5,55 
%). In cells exposed to 10 mM of LiCl for 24 h, the amount of cells in the S phase was slightly 
increased (29,19 %) compared to control, but still cells were primarily in the G0/G1 phase (39,28 
% ) with fewer cells in the G2/M phase (31,54 %). In case of cells exposed to 20 mM of LiCl, 
after 24 h of exposure the number of cells in S phase is considerably increased (61,03 %), with 
fewer cells in the G0/G1 phase (34,43 %), and much less in the G2/M phase (4,54 %). Hence, 
after 24 h treatment, LiCl showed an increase in the amount of cells in S phase, especially in the 
highest treatment, when compared to control. 
 
After 48h the untreated cells were still primarily in the G0/G1 phase (59,63 %). Fewer cells were 
in the S phase (26,32 %) and the smallest amount were in the G2/M  phase (14,05 %). In the 
lowest treatment after 48 h exposure to LiCl cells were still primarily in the G0/G1 phase (67,64 
% with less cells in S phase (19,06 %) and even less in the G2/M phase (13,30 %). In the 20 mM 
LiCl treatment, the amount of cells in the S phase is remarkably increased (91,50 %), with much 
less cells in the G0/G1 phase (8,10 %) and only a very small amount of cells in the G2/M phase 
(0,41 %), which indicates that cells in this treatment were accumulated in the S phase rather than 
going to the G2/M phase. 
 
We analysed also cell progression in 10 mM of LiCl after 72 hours of exposure, and noticed that 
the amount of cells in the G2/M phase showed an increase after 72 hours of exposure (22,50 % 
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compared to 13,30%  after 48 h of exposure). With regard to amount of cells in the S phase, we 
noticed no increase (11,45 %) when compared to 48 h (19,06 %). 
 
Flow cytometry allows for cell size and genome equivalents to be measured at the same time and 
on a large population of cells in a short amount of time. These informations are relevant since 
cell undergo shrinkage early in apoptosis and DNA fragmentation also occurs. With regard to 
apoptosis, the flow cytometric analysis revealed no signs of apoptotic cells (and vesicles) with 
sub genome DNA in our experiment, indicating no DNA fragmentation and the absence of 
apoptotic bodies due to Li exposure (Figure 22) in control and 10 mM exposed cells. There were 
only few amounts of apoptotic bodies in 20 mM exposed cells, but their percentage was 
insignificant, hence we can conclude that Li is not inducing apoptosis in the cell line. 
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Figure 22. Cell cycle and apoptosis analysis with flow cytometry and PI staining. By a computer program a model is 
obtained. The colored areas show the amount of cells in each phase of the cell cycle (left-right) or number of 
apoptotic bodies (left) obtained by the model. Left: cell cycle analysis; cells in G0/G1 phase red, S-phase grided area 
and G2/M red. Left: Apoptotic cells are supposed to be placed prior to cells in red in G0/G1 phase (indicated by blue 
arrow), in our case there are signs of few apoptotic cells in 20 mM 48 h. 
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To conclude with flow cytometry experiment, data from this experiment are presented 
graphically in figure 23. These data indicate that LiCl induced a huge increase in the amount of 
cells stopped in the S phase in 20 mM exposed cells after 24 and 48 (respectively 61,03 % and 
91,50 %). Referring to 10 mM exposed to LiCl induced a slight increase in the amount of cells 
stopped in S phase after 24 hours of exposure compared to control (which does not continue after 
48 h and 72 h of exposure) and an increase in amount of cells in G2/M phase after 72 hours 
(figure 24) of exposure (respectively 31,54 % after 24 h and 13,30 % after 48 h). 
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Figure 23: Effects of LiCl exposure on cell cycle progression by differentiated A6 cells. Untreated cells, 10 mM and 
20 mM treated cells are exposed for 24h and 48h. Cells were isolated with trypsin and stained with Propidium 
Iodide. Samples of 10
4
cells were analysed by flow cytometry. Only one sample was analysed for each treatment. 
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 Figure 24: Effects of LiCl exposure on cell cycle progression of 10 mM treated cells. 10 mM treated cells for 24h, 
48 h and 72 h, the amount of cells in Go/G1, S and G2/M phase are represented in the graphs. Cells were isolated 
with trypsin and stained with Propidium Iodide. Samples of 10
4
cells were analysed by flow cytometry. One sample 
was analysed for each treatment. 
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b. Analyses of cell progression by use of two step cell cycle analysis in NC-3000  
This commercial equipment made possible the quantification of DNA content by measuring 
cellular fluorescence of DNA-selective stains which exhibited emission signals proportional to 
DNA mass. DNA content histograms displayed on PC screen connected with the NC-3000, made 
possible the quantification of the populations of cells in different cell cycle phases. 
 
Histograms of control and 20 mM of LiCl samples (two replicates for each treatment) after 24, 
48 and 72 h of exposure displayed on Figure 25, indicated a progressive increase in the S phase 
in 20 mM treated samples, which was more pronounced after 72 h of exposure. Even though 
these findings agreed with the findings of flow cytometry experiment, it is obvious that the 
amount of cells in the S phase after 48 h of exposure, is as much as three times lower than the 
amount of the cells from the same treatment and time of exposure in previous experiment (28,8 
% versus 91,5 %). Another difference with the previous experiment is the fact that the amount of 
cells in the G2/M phase is in all cases higher in the treated cells compared to control ones, which 
might be explained with the confluent status of control cells. Since the control cells have reached 
the confluent state, the percentage of cells in the G2/M phase is decreasing from 24 to 72 h.  
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Figure 25: Effects of LiCl exposure on cell cycle progression by differentiated A6 cells. Untreated cells and 20 mM 
treated cells are exposed for A: 24h, B: 48h and C: 72h. Cells were isolated with trypsin and stained with DAPI. 
Samples of 10
5
cells were analysed by two step cell cycle assay by use of NC-3000. Bars represent the mean ± SE of 
2 different cells subcultures. 
 
The histogram of apoptosis (Figure 26) indicated no significant difference in control and treated 
cells after 48 and 72 h of exposure (P > 0,05 in all cases), while the histogram of cell viability 
indicated a significant change only after 48 h of exposure (P < 0,007). For some unknown 
reasons, control cells seem to be more subjects of apoptosis after 24 h of exposure, and the cell 
viability is also lower in control samples after 24 h of treatment. As the exposure time increases, 
there is also an increase in the percentage of treated cells involved in apoptosis compared to 
control cells, which explains the lower level in viability of these cells. 
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Figure 26: Effects of LiCl exposure on apoptosis and cell viability of differentiated A6 cells. Untreated cells and 20 
mM treated cells are exposed for A: 24h, B: 48h and C: 72h. Cells were isolated with trypsin and stained with DAPI. 
Samples of 10
5
cells were analysed by two step cell cycle assay by use of NC-3000. Bars represent the mean ± SE of 
2 different cells subcultures. 
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Investigation and quantification of toxicity of lithium chloride on Caco2 cells by use of 
particle counter: Z2 Beckman Coulter. 
After having investigated the effects of LiCl on A6 cells, it was decided to investigate its effects 
on another cell line. Caco2 cells were used to investigate whether LiCl was able to inhibit the 
proliferation of this cell line as it did with A6 cell line. 
In order to do that, it was planned to run the experiment the same way as done when the toxicity 
of LiCl on A6 cells was investigated, the same concentrations of LiCl: 10 and 20 mM were used, 
and 4 replicates for each treatment (control, 10 mM and 20 mM). It was not able to run this 
experiment longer than 8 days, because Caco2 cells after getting fully confluent did not live for 
long. Hence, it was decided to expose cells for 4 days and then to remove the media and leave 
them in LiCl free media for three more days. Data from this experiment are shown in figures 27 
and 28. 
The signs of inhibition seemed to be significant after 24 h of exposure, with clear difference 
between control, 10 and 20 mM samples. After 24 h of exposure, the number of cells was 
respectively: 221366 ± 9110 cells for control, 193545 ± 5276 cells for 10 mM and 188094 ± 
7181 cells for 20 mM (the paired t-test indicated respectively: P < 0,01 in control versus 10 mM 
samples; P < 0,005 in control versus 20 mM samples). At the end of the exposure period (96 h of 
exposure) we had still a high level of inhibition, and a statistically high difference among control 
and 20 mM samples, with the number of cells respectively: 738837 ± 15821 cells for control, 
581961 ± 19397 cells for 10 mM and 498653 ± 10171 cells for 20 mM (the paired t-test indicated 
respectively: P < 0,33 in control versus 10 mM samples; P < 0,027 in control versus 20 mM 
samples). 
During the recovery period, the fully confluent control samples showed a decrease in cell 
number 24 hours after media change, and after that they slightly increased during two other days 
of exposure. Regarding treated samples, they indicated an increase in cell number when they 
were exposed to lithium free media, with 20 mM samples having the highest level of increase 
compared to 10 mM ones. This might be explained with the fact that 20 mM samples were less 
confluent than 10 mM ones, pictures (Figure 29) showed that there were more uncovered spaces 
by cells in 20 mM samples compared to those in 10 mM samples. 
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Effect of Li in cell proliferation during exposure and recovery period
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Figure 27. Caco2 cells seeded at density 12 000 cells/well in 24 well microtiter plates, grown for 48 hours in culture 
media, were incubated with LiCl. After 4 days of exposure and the cell media was exchanged with LiCl free media 
and the cell recovery was followed for 3 days. Cell number was measured by use of a Z2 Beckman Particle Coulter. 
Each point represents the mean ± SE of 4 different replicates. 
Referring to changes in percentage in cell number during the whole experiment, the data 
indicated that after 24 h of exposure there was a significant change between control and treated 
samples, which continued to become even more significant after 48 h of exposure. After 48 h of 
exposure the percentage change in cell number was respectively: 84 ± 4% cells for control, 32 ± 
4% cells for 10 mM and 22 ± 9 % for 20 mM (the paired t-test indicated respectively: P < 0,0003 
in control versus 10 mM samples; P < 0,0039 in control versus 20 mM samples). 
 
During recovery period, the proliferation rate among control and treated samples after 24 h 
showed again a significant difference. The degree of difference got reduced after 48 and 72 h of 
recovery period. At the end of recovery period, the treated cells showed an increase in number of 
cells approaching approximately the number of cells in control (at the end of recovery day 3, 
number of cells in control was: 647932 ± 22514 cells for control, 638015 ± 44355 cells for 10 
mM and 661373 ± 12793 cells for 20 mM). 
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To sum up with the data gathered by this experiment, we can conclude that LiCl induced a 
decrease in cell number (probably because of cell cycle arrest, but no further investigation was 
performed in our study) in both treatments during exposure period, which was reversible. Data 
from recovery period indicate that cells are able to recover and resume the cell cycle. 
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Figure 28. Caco2 cells seeded at density 12 000 cells/well in 24 well microtiter plates, grown for 48 hours in culture 
media, were incubated with LiCl. After 4 days of exposure and the cell media was exchanged with LiCl free media 
and the cell recovery was followed for 3 days. Changes in percentage in cell number with previous day, for control 
and two other treatments: 10 and 20 mM  LiCl are presented during the exposure and recovery period. Each point 
represents the mean ± SE of 4 different replicates. 
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Figure 29. Caco2 cells seeded at density 12 000 cells/well in 24 well microtiter plates, grown for 48 hours in culture 
media, were incubated with LiCl. After 4 days of exposure the cell media was exchanged with LiCl free media and 
the cell recovery was followed for 3 days. Pictures taken at day 0, day 2, day 4 during exposure period and at day 3 
of recovery period for control, 10 mM and 20 mM treatments are shown in this figure. 
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Detection of primary cilia 
The observations of pictures from previous experiments, showed that in some of exposed cells 
(both 10 and 20 mM), after being exposed for at least 24 h in LiCl, one of the centrioles used to 
disappear (figure 30). This observation led to the hypotheses that the exposure to LiCl induced 
the cilia formation hence disappearing centrioles in exposed cells might have been involved in 
the formation of primary cilia. In order to investigate about this hypothesis, it was decided to run 
an assay for detection of primary cilia.  
 
 
Figure 30. A6 cells seeded at density 20 µl cells/well in 24 well microtiter plates, grown for 24 hours in culture 
media, were incubated with LiCl. Pictures of control, 10 and 20 mM treated samples are taken at day 0 and 24 hours 
after exposure with  LiCl. Red lines indicate both centrioles in three different treatements on day 0 and in control 
after 24 h of exposure. In pictures taken after 24 h of exposure, red lines indicate single centrioles in 10 and 20 mM 
treated samples.  
Since in the assay were used two different antibodies for detection of cilia and centrioles, 
respectively Arl13B and P150, and DAPI for the detection of nucleus, images were taken by 
immunofluorescence microscope (IFM) at three different channels (red, green and blue 
respectively for detection of cilias, centrioles and nucleuses, which represent three different 
wavelengths). The three pictures taken at three different wave lengths were overlaid by Adobe 
Photoshop program creating a more precise view of cilia localization. Pictures were taken for 
both treated and not treated samples (control, 10 and 20 mM samples, figures: 31, 32 and 33). 
Investigating the Effect of Lithium on proliferation and cell cycle progression in tight epithelia cell culture from the 
distal part of the kidney (A6). 
 
68 
 
Control day 0         
 
Control day 1  
 
Control day 2  
 
Control day 3  
 
Figure 31. A6 cells seeded at density 80 µl cells/well in 6 well microtiter plates, grown for 24 hours in culture 
media. After 24 h of incubation.  the IFM assay was run  for four days (day 0,1,2,3) and pictures of control samples 
were taken each day. Pictures from left to right indicate pictures taken by immunofluorescence microscope 
respectively: at red, blue and green channels. While the last one is created by overlaying the three previous images. 
Arrows indicate cells with highest level of expression of P150 and Arl13b. 
Investigating the Effect of Lithium on proliferation and cell cycle progression in tight epithelia cell culture from the 
distal part of the kidney (A6). 
 
69 
 
10 mM day 1  
 
10 mM day 2 
 
10 mM day 2 
 
 
 
 
 
Figure 32. A6 cells seeded at density 80 µl cells/well in 6 well microtiter plates and grown for 24 hours in culture 
media, were incubated with LiCl. The IFM assay was run for three days and pictures of 10 mM samples were taken  
after 24, 48, 72 h of exposure with LiCl. Pictures from left to right indicate pictures taken by immunofluorescence 
microscope respectively: at red, blue and green channels. While the last one is created by overlaying the three 
previous images. Arrows indicate cells with highest level of expression of P150 and Arl13b. 
 
 
 
 
 
Investigating the Effect of Lithium on proliferation and cell cycle progression in tight epithelia cell culture from the 
distal part of the kidney (A6). 
 
70 
 
20 mM day 1 
 
20 mM day 2 
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Figure 33. A6 cells seeded at density 80 µl cells/well in 6 well microtiter plates and grown for 24 hours in culture 
media, were incubated with LiCl. The IFM assay was run for three days and pictures of 20 mM samples were taken  
after 24, 48, 72 h of exposure with LiCl. Pictures from left to right indicate pictures taken by immunofluorescence 
microscope respectively: at red, blue and green channels. While the last one is created by overlaying the three 
previous images. Arrows indicate cells with highest level of expression of P150 and Arl13b. 
 
P150 is a dynactin subunit which is involved in centriole organization and function. It localizes 
to the subdistal appendage of mother centriole, facilitating microtuble achoring and the 
formation of basal foot in cilia (Kodani  et al., 2013). 
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Arl13b is a small GTPase that localizes to cilia with an essental role in multiple aspects of 
ciliogenesis and ciliary protein localization. It is localized at the base and tip of the cilium 
playing a unik role in protein trafficking to and within the cilium (Larkins et al., 2011). 
 
The presence of both proteins in our pictures showed that cells were organizing their centrioles 
and assembling components of intraflagellar transport for formation of primary cilia. The 
differences in light intensity of red and green dots (indicating respectively the presence of Arl13b 
and P150) indicated that cells are in different stages of the process.  
 
The differences in light intensity were even more obvious in cases when it was used a higher 
magnification for taking immunofluorescence pictures (for pictures in figure 34 it was used a 100 
times magnification, whereas pictures in figures 31, 32, 33 were taken at 60 times 
magnification). Figure 34, shows more clearly the increase in levels of expression of both 
proteins. It could have been more convenient to use this magnification to analyse light intensity 
of immunofluorescence pictures (in figures 31, 32, 33), but in case of 10 and 20 mM treated 
samples after 48 h of exposure, it was  impossible to get pictures of cell groups having more than 
2 or three cells at this magnification. 
 
 
Figure 34. A6 cells seeded at density 80 µl cells/well in 6 well microtiter plates and grown for 24 hours in culture 
media, were incubated for 24 h with 10 mM of LiCl.  Pictures from left to right indicate pictures taken by 
immunofluorescence microscope respectively: at red, blue and green channels, and the last one is the overlaid 
picture of three previous images. Arrows indicate cells with highest level of expression of P150 and Arl13b. 
 
In order to quantify the amount of cells that went further in cilia formation process, the dots 
having higher intensity of light were counted for each picture (in each exposure mode, each day), 
and expressed in percentage.  
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Figure 35.  The percentage of cells displaying higher level of cilia organization during the performance of  IFM 
assay. The total number of cells and number of cells displaying higher intensity of red and green dots, was counted 
and expressed in percentage for control, 10 mM and 20 mM treated cells, each day.  
 
Data from figure 35 indicates that in case of control samples, the amount of cells with higher 
level of cilium organisation increased considerably by day three (96%). The increase in cell 
proliferation increased the level of confluency, making cells establishing more frequently cell to 
cell contact which in turn was associated with increased progression in cilium formation process.  
 
In case of treated cells, 10 mM treated cells showed a higher level of cilium organization through 
all exposure period in comparison to control cells of day 0 (50% of cells in day 1; 40% in day 2; 
and 33% in day three; versus  16% of cells in control day 0), even though they were less 
confluent compared to control cells day 0. Cells were able to make progress in cilium 
development progress despite their level of confluency, as they appear more frequently as single 
cells rather than confluent ones (figure 32).  
 
In 20 mM treated cells, during the first day of exposure the amount of cells developing cilia is 
lower than in two other treatments (12,5% of cells versus 72% in control and 40% in 10 mM of 
LiCl). The observations of cell morphology (figure 33) revealed a high level of stress in these 
cells, which might be the possible reason of inhibition. After 48 h of exposure, the amount of 
cells progressing in cilium development proccess increased in 25% which represented an higher 
% of cells with higher level of cilia organization
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amount of cells compared to the amount of cells from control day 0 (16%) , but with no signs of 
increase after 72 h of exposure.  
 
In order to have some statistical evidence, this experiment has to be run again and data need to 
be compared. However, images from IFM gave some suprising results, such as the progress in 
cilia formation proccess in single cells in case of treatments with LiCl. Indicating that this might 
be a possible target of lithium in A6 cells. 
 
Effect of LiCl on expression of GSK3-ß 
The purpose of carrying out western immunoblotting experiment was to investigate the effect of 
LiCl on the expression of GSK3-ß.  
 
A6 cells were plated on petri dishes and after 24 hours they were treated with 20 mM LiCl. Cell 
lysates were prepared as control cells on day 0, and as exposed cells for 24 and 48 h to LiCl on 
day 1 and day 2. The experiment was repeated 3 times, in two of them cell lysate was prepared 
by confluent cells and in the last one was prepared by nonconfluent cells. 
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Figure 36. A6 cells were were platted for 24 hours thereafter they were exposed to 20 mM LiCl. Western 
immunoblotting was carried out for three different set up (2 with confluent and 1 with nonconfluent cells) with 
GSK3-ß antibodies. The result shown is for one experiment although several experiments were carried out. 
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Even though, the amount loaded in each samples was assumed to be the same, nothing was 
concluded regarding the level of GSK3-ß expression in the first control confluent sample (the 
one after the marker in the line). It seemed that in this case it was not loaded the appropriate 
amount of sample. The rest of the samples showed a duplication of bands. The presence of these 
bands might have appeared because either the secondary antibodies used for western blot 
detection of the samples recognized the heavy chain of the protein thereby masking the expected 
results, or they recognized both the phosphorylated and nonphoshporylated forms of GSK3-ß 
(predicted molecular weight of phosphorylated form is between 46-51 KDa, while the molecular 
weight of nonphosphorylated form is 46,75 KDa). If the experiments have to be repeated this 
aspect should be considered, and the use of two different antibodies being specific for 
phosphorylated and nonphosphorylated forms of GSK3-ß might represent one way to optimize 
this experiment. 
 
The detection of control protein, GAPDH, was not possible in this experiment; the antibodies 
used for its detection might have been very old, because the western blotting was carried out 
several times without being able to trace the protein in any of cases. The absence of control 
protein made it more difficult the interpretation of results in this experiment. 
 
Despite the absence of bands from control protein and the presence of double bands, figure 36 
indicates that the expression of GSK3-ß is suppressed in all 20 mM treated samples of day 2. 
Less amount of protein was present in all treated samples after 48 h of exposure. 
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Discussion 
Microscope analyses of lithium effects on A6 kidney epithelial cells  
The aim of assessing the toxicity of lithium chloride by use of ImageJ Program was to have an 
insight of how lithium affects cell proliferation and cell death of A6 cells. In the present study it 
was observed that lithium concentrations, 10 and 20 mM, inhibited cell growth of confluent and 
single cells. It was also found that lithium did not induce cell death. Neither the pictures nor the 
measurements from this experiment showed any significant effect on cell death or apoptosis, 
indicating that it must be another mechanism by which cell cycle was stopped. The fully 
reversible effects of lithium after 6 days of exposure in confluent and single cells, constituted 
another finding of this experiment. Cells from all treatments were recovered and started 
functioning normally by creating dooms soon after they were exposed to lithium free media. 
 
The results shown in this present study are in accordance with what is in the literature. Studies in 
pig airways epithelial cells (PAEC) have shown that incubating these cells with 10 mM LiCl for 
24 h delayed confluence, and cells resumed rapid growth when lithium free media was added 
(Chen et al., 2004). Mao et al., 2001 showed that the proliferation of another epithelial cell line: 
bovine aortic endothelial cell can be inhibited at a lower concentration. 5 mM of LiCl was 
enough to delay the confluence of these cells, underlying differences in response of different 
cells to different concentrations of this ion. 
Quantification of A6 cell number by use of Coulter counter 
The effect of LiCl on proliferation of A6 cells was investigated with another method, by use of a 
particle counter: Z2 Beckman Coulter.  
 
This experiment reconfirmed the findings from the previous experiment. The inhibition of 
lithium was dose and time dependent. There were observed significant changes in proliferation 
rates between control and 20 mM treated cells on day 3 in dividing cells, while in single cells 
changes between control samples and treated one became significant only after 6 days of 
treatment. 
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This experiment reconfirmed also the reversibility of LiCl effect in cell division; during recovery 
period it was obvious that the absence of lithium made A6 cell switching from non-dividing state 
in a dividing state. The formation of dooms late in the recovery period indicated that they were 
able to recover and differentiate normally into functionally tight epithelia.  
Analysis of cell cycle progression 
To determine if inhibition of cell proliferation was due to interruption in cell cycle, the cell cycle 
progression was investigated by two different methods.  
 
Flow cytometric analyses of propidium iodide stained cellular DNA content showed a slight 
increase in the amount of cells stopped in S phase after 24 hours with 10 mM lithium compared 
to control, but the increase did not follow in two other days. Instead an increase in amount of 
cells in G2/M phase after 72 hours (figure 24) of exposure (respectively 31,54 % after 24 h and 
13,30 % after 48 h). Regarding the 20 mM treatment (figure 18), it was shown that lithium 
induced a huge increase in the amount of cells stopped in the S phase in 20 mM after 24 and 48 
(respectively 61,03 % and 91,50 %). 
 
Analyses with DAPI stained DNA content agreed with those of flow cytometry.  In this case, 
apart from showing that there were no signs of any possible negative effect of lithium in 
apoptosis or cell viability, it was also shown that the amount of cells in the S phase with 20 mM 
lithium increased day by day with the most pronounced increase after 72 h of exposure (28,8%).  
 
These findings might suggest that lithium causes cell cycle arrest around the transition from S to 
G2 phase. Studies by Sun et al., (2007) have shown that lithium directly affects DNA replication 
leading to accumulation of cells in S phase. They also performed a Western Blot, which 
measures the amount protein, which, however, only showed a small amount of increased cyclin 
D1. Chen et al., (2004) observed that lithium increased cyclin D1 expression in pig airways 
epithelial cells, but the number of cells in S phase was not changed. Data from a recent study on 
effects of LiCl on breast cancer cells (MCF-7) showed a gradual induction of cyclin D1 levels up 
to 10 mM of LiCl treatment followed by a decline at high concentrations of 50 and 100 mM of 
LiCl treatment (Muralidharan et al., 2012). 
Investigating the Effect of Lithium on proliferation and cell cycle progression in tight epithelia cell culture from the 
distal part of the kidney (A6). 
 
77 
 
Analyses with DAPI stained DNA content showed also a higher amount of cells in the G2/M 
phase in treated cells, which was in accordance with scientific evidence which has shown that 
G2/M cell cycle arrest is a common feature of cell cycle arrests induced by lithium.  Induced 
G2/M arrest at least partially through inhibition of JNK activation in a dose-dependent manner in 
human lung carcinoma A549 cells was reported by Yan et al., (2013).  Other studies have also 
shown that LiCl can induce G2/M arrest in various carcinoma cell lines such as esophageal 
cancer cells (Wang et al. 2008a) and hepatoma cells (Wang et al. 2008b). 
Effect of LiCl on expression of GSK3-ß 
Being interested in analyzing the molecular mechanism behind the reversible effect of LiCl it 
was decided to assess the GSK-3β signaling molecule, which has resulted to be the most 
sensitive kinase inhibited by lithium involved in cell survival, by western blotting  
 
The aim of the experiment was to investigate the level of expression of GSK3ß in the presence of 
20 mM of LiCl. Western blotting showed double bands, and we were not possible to conclude 
whether our protein was masking or our secondary antibodies recognized both the 
phosphorylated and nonphoshporylated forms of GSK3-ß. Despite this uncertainty, the level of 
GSK3ß expression was suppressed in all 20 mM treated samples on the last day of exposure.  
 
At the time of writing it was not possible to find supporting or contradicting results in the 
published literature where the effect of LiCl on GSK3-ß expression was investigated in A6 cell 
line. Even though the cellular expression of this enzyme is regulated by many factors, a lot of 
work in other cell lines has shown that GSK3-ß is a target for LiCl. In scientific literature LiCl is 
widely known as an inhibitor of GSK3ß, Bhat et al., (2008) has shown that lithium cation (Li
+
) 
has been able to inhibit GSK-3β at a much lower concentration compared to concentration we 
used, at around 2 mM. Gould and Manji (2005) have also demonstrated that GSK3β is a target of 
lithium ions. 
 
Quantification of Caco2 cell number by use of Coulter counter 
The aim of assessing the toxicity of lithium chloride in another cell line was to investigate 
whether lithium had the same effect in proliferation of this cell line as in A6 cells .In the present 
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study it was observed that lithium inhibited the proliferation of Caco2 cells in a dose and time 
dependent manner. 20 mM treated cells showed the lowest number of cells after 24 h of lithium 
exposure compared to control and 10 mM cells At the end of exposure period the number of cells 
in the highest concentration of lithium appeared to be the lowest one compared to two other 
treatments. 
 
The views in the pictures of this experiment (figure 29) and the total number of cells in all 
treatments, at the end of the exposure period indicated that Caco2 cells were also able to switch 
from non-dividing state in a dividing state. The number of cells at two different concentrations at 
the end of the recovery period was quite close to control in case of 10 mM treated cells and 
higher than control in 20 mM treated cells. 
Summary  
It is not possible for us to give a definitive statement on the mechanisms lithium uses to induce 
cell cycle and cell division arrest, but based on the results and findings from above mentioned 
research works it is possible to give a plausible explanation.  
 
GSK3ß, as one of the main targets of LiCl, accounts for most biological effects of LiCl. Gould 
and Manji, 2005; Sun et al., 2011; Aubry et al., 2009, etc., have shown that this multifunctional 
serine/threonine kinase has a variety of putative substrates including cyclin D1, p21 wan/cipl , 
and transcription factors like c-myc, c-jun and ß catenin, which are implicated in the regulation 
of cell proliferation. 
 
Muralidharan et al., (2012) showed gradual induction of cyclin cyclin D1 levels up after 24 h of 
exposure to 10 mM of LiCl treatment, which decreased in higher concentrations of 50 and 100 
mM of LiCl, in breast cancer cells (MCF-7) This seems to be in accordance with our 
flowcytometry data, a  huge amount of cells stopped at S phase after 24 h of exposure to the 
same concentration of LiCl, but cannot compare results regarding 20 mM of LiCl treatment, 
because they had a 2,5 fold higher concentration in their experiment, which showed no signs of 
cyclin cyclin D1induction. Researches performed by Chen et al., (2004) and Sun et al., (2007) 
showed also lithium increased cyclin D1 expression in other cell lines, suggesting that the 
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induction of this protein which is a substrate for GSK3ß, might be one possible explanation for 
the cell cycle stop at S phase.  
 
The level of expression of cyclin D1 in our cell line during lithium exposure was not measured. 
The measurement of this protein in our cell line would be of interest if further research will be 
conducted. 
 
Measurements with NC-3000 of 20 mM of LiCl showed G2/M cell cycle stop. Wang et al., 
(2008a) demonstrated for the first time that lithium can arrest the growth of human esophageal 
cancer cell line Eca-109 and induce a G2/M cells cycle arrest, which was mainly mediated 
through the inhibition of lithium sensitive molecule GSK3ß, and decreased expression of cyclin 
B1/cdc2 complex which is a master intracellular regulator of entry in mitosis. 
 
However, G2/M cell cycle arrest has not always been associated with GSK3ß.  In the report of 
Yan et al., (2013) it was shown that the G2/M cell cycle arrest in human lung carcinoma A549 
cells was GSK3ß independent. G2/M arrest at least partially was induced through inhibition of 
JNK activation (c-Jun N-terminal kinase which belongs to the family of mitogen-activated 
protein kinases).  
 
GSK3ß dependent or not, the cell cycle arrest has important implications in the proliferation rate 
and performance of A6 cell line. As it was shown in our experiments, both concentrations of 
LiCl, 10 and 20 mM, inhibited to a high level the growth rate of the cell line. In distal kidney, the 
constant replacement of cells in a certain level is adapted to the rate at which new cells are 
formed. Considering LiCl level of inhibition in cell growth, does not seem unlikely that over a 
period of time the dying cells will be only partly replaced in this kidney area. The partial 
replacement of cells means that the remaining cells, which have the tendency to decrease in 
number, will not be able to reabsorb the same amount of water as in a normal situation. 
Moreover, the presence of lithium has shown to reduce also the level of expression of water 
channels aquaporins in renal cells. Rao et al., (2005) has reported reduced expression of the 
water channels aquaporins-2 and -3 in presence of lithium in mice renal epithelial cells. The 
reduction in cell number and the reduction in total number of water channels, will lead toward a 
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reduced ability in water re-absorption of distal part of kidney of and thereby in a reduced ability 
to concentrate urine.  
 
It is already known that the A6 cells in several respects are similar to human cells of the kidney. 
The failure in urine concentration of human kidney cells will cause the polyuria disease. 
 
Another very important feature of LiCl was the reversibility of its effects in A6 cell proliferation. 
In the absence of lithium, A6 cells needed only a short period of time to reestablish their cell to 
cell sealing, and express active ion transporters and channels in the apical and basolateral 
membranes (Bjerregaard 1995). Results from Caco2 cells experiment supported the hypotheses 
regarding the effects of lithium in cell proliferation and the reversibility of its effect, revealing 
that lithium is able to switch cell proliferation on and off. 
 
The consistency of the results in Caco2 cell line, which also represents a very tight epithelium, 
supports the hypotheses that lithium may serve as a potential anti-cancer agent in cancers 
developed on tight epithelial surfaces too. Lithium induced inhibition of proliferation of a variety 
of cancers such as leukemia (Matsebatlela et al., 2012), melanoma (Penso and Beitner 2003) and 
prostate cancer (Sun et al. 2007) have been shown for many years. Supporting evidence exist 
also regarding the value of combination therapy of these type of cancers with lithium (Bilir et 
al.2011).  
 
Moreover investigations regarding the risk of cancer development among lithium-treated patients 
have shown that in patients with mental disorders the risk was significantly lower than that in the 
untreated groups and in the general population. Cohen et al., (1998) observed a significant 
inverse relationship between cancer development and lithium dose. A preliminary research 
would be of relevance in order to investigate the prevalence of cancer in kidneys in patients 
which are under lithium therapies. If the findings agree with those gathered for other forms of 
cancers, the hypotheses that lithium could represent a potential drug for kidney cancer treatments 
is to be tested further. 
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Detection of primary cilia 
One of the main aims of our research was the investigation of the way LiCl might influence 
cellular localization of centrioles, which by an unknown mechanism might promote the 
formation of primary cilia. 
 
In order to test whether LiCl influenced cellular localization of centrioles or not, was 
investigated further the phenomena of disappearing centrioles, observed in a considerable 
number of microscope pictures, by using specific antibodies (primary and secondary ones) for 
detection of centriolar protein P150 and cilia protein Arl13b. 
 
Both proteins are very important in formation of primary cilia. Dynactin component P150 
localizes to the subdistal appendage of mother centriole which plays an important role in 
ciliogenesis. It has shown to be directly involved in microtubule anchoring and formation of 
basal foot in cilia (Kodani  et al., 2013). The increased expression of P150 in 10 mM treated cells 
compared to control ones day 0, indicated that the formation of primary cilia has already started 
in these cells. Moreover in their research Kodani  et al., 2013 have also shown that apart from 
facilitating microtuble achoring and the formation of basal foot in cilia this protein is essential 
for the maintenance of centriole cohesion. The maintence of centriole cohesion might represent 
another mechanism that lithium used to stop cell division in A6 cell line, which interfered with 
organization of centriole polarity that makes possible chromosome separation during cell 
division. The maintence of centriol cohesion might represent a good explanation for the huge 
amount of cells stopped in S phase during lithium treatment.  
 
Arl13b is a small GTPase that localizes to cilia with an essental role in multiple aspects of 
ciliogenesis and ciliary protein localization (Larkins et al., 2011). As it is localized at the base 
and tip of the cilia, playing a unik role in protein trafficking to and within the cilia, the increased 
expression during lithium treatment (specially in 10 mM treated cells) indicated that it has 
already started to localize at the base of cilum and has obviously started to perform its transport 
functions.  
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10 mM treated cells were able to make progress in cilium development progress despite their 
level of confluence, as they appear to be single rather than confluent ones. 20 mM treated cells 
showed signs of stress after 24 h of lithium exposure, indicating that this concentration was very 
high, and by an unknown mechanism it has slowed down the process of cilia formation. 
Thereafter, data from these treatment indicated that the amount of cells progressing in cilium 
development proccess represented an higher amount of cells compared to the amount of cells 
from control day 0. 
 
Study from Miyoshi et al., (2009) revealed for the first time that lithium could induce the 
elongation of primary cilia, both in the mouse brain and in cultured rodent cells. It represents the 
only existing piece of scientific evidence which links lithium with primary cilia. They did not 
investigate further on lithium targets involved in elogantion of cilia, but Harwood (2005) had 
previously shown that lithium sensitive targets other than GSK3ß were involved in elongation of 
the primary cilia in NIH3T3 fibroblasts. Even though, many studies have linked the inhibition of 
GSK3ß with stabilization of microtubules close to centrosome (Wakefield et al., 2003) or with 
microtubule-associated proteins such as CLASP2 (Kumar et al., 2009), Miyoushi et al (2009) 
could not link the GSK3ß with elongation primary cilia. Neither could I, in case of formation of 
primary cilia. Further research is necessary to identify whether the formation of primary cilia is 
another target of lithium and to elucidate the mechanism behind this process. 
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Conclusions  
It was found that LiCl significantly affected the proliferation rate of two tight epithelial cell lines: A6 
and Caco2 cell number and the effects were both time- and dose- dependent. The presence of lithium 
induced no cell death, and also no signs of apoptosis were observed. Moreover the effect of LiCl on 
both cell lines was reversible, soon after exposure to lithium free media, cells of two different cell 
lines were able to recover and restore their physiological functions. 
 
The GSK3ß, which has resulted to be one of the most frequent targets of lithium actions in many 
other researches, seemed to be a possible target of LiCl in A6 cell line. Western blotting in 
Caco2 cells is needed in order to conclude something about the same target in this cell line. 
 
Observation from microscope pictures in lithium treated cells, raised a very interesting point in 
this study relating to the ability of lithium to affect the localization of centrioles in lithium 
exposed cells, the maintenance of centriole cohesion might have influenced promoted the 
preparations for development the primary cilia. The amount of P150 and Arl13b proteins 
detected by IFM in cilia essay showed increased levels of both proteins during the second and 
the third day of lithium exposure, suggesting that lithium might have induced the formation of 
primary cilia. 
 
A summary of conclusions is given in figure 37: 
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Figure 37. Effects of lithium on A6 and Caco2 cells. Possible mechanisms used by lithium to induce its effects. 
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Perspectives  
More work is needed to elucidate the downstream events in the case of lithium chloride induced 
inhibition in proliferation rate of both cell lines. Analyses of the effects of LiCl on expression 
levels of cyclin D1 and B1/cdc2 involved respectively in S and G2/M cell cycle arrest in both 
tight epithelial cell lines are needed. This may identify whether lithium act on the same or 
different molecular targets in different tight epithelial cell lines. 
 
Repeat the western blotting experiments. After optimization of procedure investigate again the 
effects of LiCl on GSK3ß expression in A6 cell line and perform the experiment in Caco2 cell 
line. 
 
Repeat the IFM experiment for detection of primary cilia. In order to have some statistical 
evidence, this experiment has to be run several times. Western blotting for detecting the levels of 
expression of P150 and Arl13b could be of relevance, to detect how far in cilia development 
process are cells treated with different concentrations of LiCl, leading to the verification of the 
hypothese that development of primary cilia might be a possible target of lithium. 
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Abbreviations 
ADH:  Antidiuretic hormone 
Akt/PKB: Akt known as protein kinase B 
APC: adenomatous polyposis coli  
ATP: Adenosine triphosphate 
BSA: Bovine Serum Albumin 
cAMP: cyclic adenosine 3´,5´-monophosphate 
DAPI: 4´,6-diamidino-2-phenylindole 
DMEM: Dulbecco’s Modified Eagle Medium 
EDTA: Ethylenediaminetetraacetic acid 
FBS: Fetal Bovine Serum 
GPCR: G protein-coupled receptors  
GS: Glycogen synthethase  
GSK3: Glycogen synthase kinase 3  
IFM: Immunofluorescence microscope 
IFT: Intraflagellar transport  
LRP5/6:  Lipoprotein receptor-related protein 5 and 6  
NC-3000:  Nucleo cell machine 
PBS: Phosphate Buffered Saline 
PCP: Planar cell polarity  
PFA: Paraformaldehyde 
PKC: Protein kinase C  
TBS-T: Tris Buffered Saline with 0.1% Tween 20 
TRPV5: Transient receptor potential cation channel subfamily V member 5 
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Appendixes :  
Workshop Abstract: sent to 29
th
 workshop of Scandinavian Society for Cell Toxicology 
(SSCT) 
Effect of Lithium on proliferation and cell cycle progression in a tight epithelia cell culture 
from the distal part of the kidney. 
Manola Avdolli and Henning F. Bjerregaard 
Dept. of Science, Systems and Models, Roskilde University, Denmark. 
Lithium (Li) is widely used as a pharmacological agent in psychiatric therapy for treating bipolar 
affective disorders. However, Li-treatment of patients for years often develops urinary 
concentrating defect and polyuria resulting from increased urinary excretion of sodium and distal 
renal tubular acidosis. In particular, Li-treatment is associated with a marked alteration in the 
cellular composition of the collecting duct probably due to inhibition of the glycogen synthase 
kinase 3 β, resulting in dysregulation of water channels (aquaporin) and epithelial sodium 
channels in the apical membrane of collecting duct cells.  
 
The aim of this study was to investigate the effect of Li on proliferation and cell cycle 
progression of an epithelia cell culture from the distal part of the kidney (A6 cells). This cell line 
proliferates as single cells in the G1, S, G2 and M phase of the cell cycle until cell-cell contact 
are established. Thereafter, a confluent monolayer is formed and quiescent cells in the G0 phase 
will differentiate into epithelia sealed with tight junctions that actively transport sodium and 
chloride ions due to asymmetrically distribution of sodium and chloride channels in the apical 
membrane and the sodium/potassium pump in the basolateral membrane.  
 
In order to investigate the dose dependent effect of Li on cell proliferation and cell death cells 
were seeded in 24 well microtiter plates as single cells and observed with microscope for 6 days. 
Control and cells treated with 1 mM Li had the same proliferation rate and reached confluent 
epithelia at day 3. However, cells treated with 10 or 20 mM Li stopped dividing after day 1 and 
never reached confluent epithelia. During the 6 days exposure neither 10 nor 20 mM Li increased 
cell death compared to control. To quantify the observations the cell number was measured with 
Coulter counter. Both 10 and 20 mM Li decreased the daily proliferating rate from day 1 
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resulting in 1.3 and 1.1 times increase in cells number at day 3 respectively, compared to a 3.1 
times increase cell number in control. The inhibitory effect of Li on cell proliferation were 
reversible since new media developed confluent epithelia and restored the cell number to control 
level after 4 days. Flow cytometric analysis of propidium iodide stained cellular DNA content 
was conducted in order to investigate the effect of Li on cell cycle progression. 10 mM Li 
induced an accumulation of cells in the G0/G1 phase after 48 h and 72 h treatment whereas, 20 
mM Li induced a marked accumulation in the S phase after 24 h and 48 h treatment. There was 
no increase of cells in sub-G1showing that Li did not induce apoptosis due to DNA 
fragmentation.  90 % of single dividing cells contain two visible centrioles. After Li treatment 
for 3 to 6 days (10 or 20 mM) the single cells contain only one visible centrosome unit indicating 
that Li interfere with organization of centriole polarity which are important for chromosome 
separation during cell division. These results show that Li induce cell cycle arrest and decreased 
proliferation without generating apoptosis. This could lead to decreased regeneration of cells in 
the distal part of the kidney and therefore be the reason for the kidney dysfunction after long Li 
treatment.  
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Procedures 
Maintenance of cell culture 
All procedures are carried out in a sterile LAF bench with clean shoes, lab coat and gloves on. 
The LAF bench, gloves and all the equipment used in the LAF bench is sterilized with 70 % 
ethanol before use.   
 
Growth medium  
For 100 ml: 
 63 ml DMEM 
 10 ml FBS 
 25 ml autoclaved MQ 
 2 ml Pen-strep 
 Stored at 5° C at acclimatized before use. 
Subcultivation (weekly) 
 
- Trypsination of cells 
 Remove old growth medium from a culture flask, with a pipette boy, without disturbing 
the cell layer 
 Discard old growth medium  
 Ad 2.3 ml trypsin 
 Incubate at 37°C for 2-3 min  
 Remove 2 ml trypsin 
 Incubate at 37°C for 2 min 
 Tap the flask and look in microscope to assess if cells are rounded and detached from 
each other and the flask 
 If not incubate at 37°C until cells have detached. 
 
- Seeding cells cells 
 Add 5 ml fresh growth medium 
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 Distribute 1 ml into each of 4 new flasks.  
 Add 9 ml fresh growth medium to each flask.   
 Incubate at 26°C at 5% CO2 
 
Changing growth medium (weekly) 
 Remove old growth medium, with a pipette boy, without disturbing the cell layer 
 Discard old growth medium  
 Add 10 ml fresh growth medium  
 Incubate at 26°C at 5% CO2 for 24 and 48 h  
 
Cytotoxic assessment 
Seeding cells 
 Cells from a culture flask are trypsinized 
 Fresh growth medium is added 
 15-50 µl cell suspension is added to each well in e 24-well plate, depended on amount of 
cells anted and concentrations of cells in suspension 
 Incubate at 26°C at 5% CO2for 24 h  
Cell treatment 
 Add 1 ml fresh growth medium to controls 
 Add 1 ml growth medium containing copper at the wanted concentration (whirlmix if 
necessary) 
 Incubate at 26°C at 5% CO2for 24 h  
Flow cytometric analysis 
Cell treatment 
 A6 cells are cultured in 10 ml growth media in falcon T-25 culture flasks (BD bioscience, 
San Jose, CA).  
 Incubate at 26° C for 24 h at 5% CO2 
 Growth medium is removed  
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 10 ml fresh growth medium is added to the controls and 10 ml growth medium 
containing LiCl (respectively 10 mM and 20 mM) is added to treatment flasks 
 Incubate at 26° C for 24 and 48 h at 5% CO2 
Cell fixation 
 Cells were trypsinized  
 Cells are transferred to 2 facs tubes using a 10 ml pipette  
 6 ml 1x PBS 
 Centrifugate for 5 minutes at 900 rpm at 20°C.  
 Discard supernatant using a 1ml gilson pipette  
 Resuspend cells in 3 ml 1x PBS.  
 Centrifugate for 5 minutes at 900 rpm at 20°C.  
 Discard supernatant using a 1ml gilson pipette  
 Resuspend cells in 3ml 1x PBS. 
 Count cells in a bürkerturk 
 Calculate the concentration of the cells  
 Transfer 500.000 cells to a new FACS tube.  
 Add 1x PBS to a total volume of 3ml. 
 Centrifugate for 5 minutes at 900 rpm at 20°C.  
 Discard supernatant using a 1ml gilson pipette  
 Resuspend cells in 200 ml PBS. 
 Carefully add 2 ml ice-cold 70 % ethanol, while whirlmixing.  
 Incubate on ice for 30 minutes  
 Store in a -20° freezer. 
Staining cells with propidium iodide for FACS analysis 
 Centrifugate at 1200 rpm for 5 minutes at 4°C.  
 Discard supernatant  
 Resuspend cells in 2 ml 1x PBS.  
 Centrifugate at 1200 rpm for 5 minutes at 4°C.  
 Discard supernatant  
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 Resuspend cells in 400 µl 1x PBS 
 Add 50 µl RNAse was added (1mg/ml)  
 Add 50 µl propidium iodide (0.4mg/ml).  
 Cover with tin foil and incubated for 30 minutes at room temperature. 
Running the Facs (flow cytometry) 
 Turn on FACS machine 
 Turn on Computer 
 Empty waste tank and check if flow tank is half full with FACS flow 
 Check pressure, turn on pressure 
 Check for air bubbles in flow tank tube 
 Make first run with sterile milliQ water, slide arm under FACS tube 
 Press “high” and “run” 
 Run for five minutes, make sure there is sufficient water in FACS tube 
 Open Cell Quest Pro (CQP) 
 Connect cytometer in CQP 
 Connect amp´s in CQP 
 Open 1, 2, 3 and 4 in CQP (compensation, threshold status and ) 
 Open Plot in CQP, and make “dot plot” and “histogram” 
 Activate histogram, and change analysis to acquisition 
 Set X parameter to Fl2-a 
 Activate Dot plot, and change analysis into acquisition 
 Set X parameter to FSC-H and Y parameter to SSC-H 
 Remove Facs tube with water from FACS machine 
 Press prime twice 
 Put back sterile water and arm 
 Open browser 
 Press change to alter date 
 Open Data 
 Open HFB 
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 Open Mjur 
 Open new folder 
 Write date on new folder 
 Press create and select 
 Change files, insert date of experiment, press ok 
 Get samples 
 Make sure samples are homogenously suspended 
 Remove water from FACS and replace with sample 
 Press run (leave check mark in set-up) 
 Press acquire 
 Press pause, abort, and remove check mark in set-up 
 Press acquire 
 Count 10.000 cells 
 After samples have been measured, rinse and close machine 
 Put 3ml “rense” in a Facs tube and put on Facs machine, don’t put on the arm 
 Run and high, and run for 1 minute 
 Slide the arm under the facs tube, and press run and run for 5 minutes 
 Transfer data to intranet 
 Open chooser 
 Open apple share 
 Click Ip address 
 Write milne.ruc.dk 
 Press connect 
 Write mjur + password 
 Open milne user at desktop 
 Press ok 
 Choose user 1 
 Choose hfb 
 Open the data folder on desktop 
 Open hfb 
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 Move data folder to milne folder 
 Close all windows 
 Throw milne user fodler in trash 
 Rinse facs with sterile milliQ water, by adding water in facs tube and pressing run and 
high 
 Put back arm and run for 5 minutes 
 Press stand by 
 Remove pressure 
 Wait 5 minutes 
 Shut down computer (special shutdown) 
 Turn off facs 
 Empty waste tank 
 Check that flow tank Is half full with facs flow   
Immunofluorescense analysis: 
 Remove media and wash wells containing coverslips in PBS, add PFA solution for 15 
minutes. Remove, and wash 2 times in PBS. Add permeabilisationbuffer for 12 min.  
 Transfer coverslips to petridishes (with waman paper soaked in water, covered with 
parafilm) and add 100 µL BSA for at least 30 min. 
 Remove BSA, incubate in 100 µL primary antibody solution for 1,5 hours at RT or over 
night at 4 degrees. 
 Wash coverslips 3 times 5 min. in BSA 
 Remove BSA, incubate in 100 µL secondary antibodies for 45 minutes. (NOTE: 
secondary antibodies are light sensitive so the rest of the experiment will be kept out the 
light). 
 Remove secondary antibodies and wash 1 time in BSA for 5 minutes. 
 OPTIONAL: add 100 µL DAPI (1:1000 in PBS) for 5 seconds. 
 Wash 3 times 5 min. In PBS. 
 Clean objective glasses in 96% alcoohol; add drops of mounting media with antifade. 
 Place coverslips with cell side facing down; apply light pressure with a napkin. 
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 Seal edges with nailpolish, leave to dry (20 min.). 
 Slides can be stored at 4 degrees in the dark. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
